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{54} Conjugate batwean a polysthylene glyeol having a terminal alkanal group and a human
growth hormone
{87} The present invention provides a compound having the structure:
mPEG-O-J{0)-NH
(?Hz)cx

PEG-0-C{O}-NH- CH (0} NH-(CH,CH Oy CH,CH,CH,CH,-NE-RGH

wherein hGH reprasents a human growth hormone comprising an N-terminal amino acid; and
wherein sach mPEG represenis a methoxy-polyethylene glycol group having a molecular mass between about
18,000 to about 22,000 daltons.
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Description
FIELD OF THE INVENTION

[0081]  This invention relates o paricuiar aldehyde derivalives of water-soluble polymers, and o methods for pra-
paring and using such polymer aldehyde derivatives.

BACKGROUND OF THE INVENTION

{B002] In recent years, hurnan therapeutics have expanded past traditional sraall molecule drugs and into the realm
of hiopharmaceuticals. The discovery of noval proteins and peptides has led to the development of numerous protein
and polypeplide biopharmaceuticals. Unforiunately, proteins and polypeptidas, when utiized as therapeulics, often
exhibit properties that make them exiremely difficult to formuiate or administer, such as short circulating half lives,
immunoganicity, proteolyiic degradation, and low solubility. Ona approach for improving the pharmacokinetic or phar-
magcodynamic properties of biopharmaceuticals is the conjugation to natural or synthetic polymers, such as polyethyl-
ane glycol (PEG). Tha covalent attachrent of PEG (o a therapeutic protein can provida a numbar of advaniages, such
as (i} shielding antigenic epiiopes of the protein, thus reducing iis reticulocendoihelial clearance and recognition by the
immune system, (i) reducing degradation by proteolytic enzymes, and {iii) reducing renal filtration.

{60031 Much effort has been spent on the development of polvmer derivatives for coupling to biopharmacauiicals
such as peptides, and in particular, on the development of polymer derivativas for coupling to reactive amino groups
of proteins. Such polymar derivatives are referred {0 as 'elactrophilically activated', since they bear electrophilic groups
suitable for reaction with nucleaphiles such as amines. Examples of such PEG derivatives indlude PEG dichicrotriazine,
PEG tresyiate, PEG sucoinimidyl carbonate, PEG carbonylimidazole, and PEG suscinimidyl suscinate. Unfortunately,
use of these particular reagents can result in one or more of the following: undesirable side reactions under the reaction
conditions necessary to effect coupling, lack of selactivity, and/or the formation of weal {L.e., unstable}linkages batween
the biopharmaceutical and the PEG.

[0084] In an effort to overcome some of these problems, many new or "second generation” siectrophilically activatad
PEGSs have been developed, such as PEG propionaldenyde and PEG acetaldehyde (see, for Exampie, U.S. Patent
Nos. 5,252,714 and 5,880,237, respectively). Aldehyde derivatives are particularly atiractive reagents for coupling to
proteins and othar biomolecules, since aldehydes reant only with amines {i.e., are selective in thair attachment cham-
istry). The above-mentionad reagents offer many advantages: they can be preparad to avoid the problems of PEG diol
sontamination, ara not rastrictad to low molesular waight mPEG, form stable amineg linkages upon coupling, and are
setective. Although the above noted derivatives offer many advantages over first-generation PEG reagents, the Appli-
cants have noted some particular drawbacks of these aldahyde reagents, making them less than ideal in certain in-
stances.

[0005] More specifically, the Applicanis have racognized, in thelr axtensive work with these reagents, that PEG
acelaldehyde is very unsiable, particuarly in basic media, and i¢ difficull to isclate due to excessive salt formation
resulting from neutralization of the reaction mixture. In particular, PEG acetaidehyde is very susceptible to dimerization
via aldol condensation. PEG propionaidahnyde, while a much better reagent in terms of its stability, possesses soma
disadvantages due 1o side reactions that can cocur during its preparation, making it difficuit to obtain the PEG propi-
onaldehyde product in high purity.

{80081 More specifically, the Appilicants have found that when preparing PEG propionaldehvde in sifu frorm its pre-
cursor PEG aldyhyde hydrate, product vields are generally only about 50%, due {o an alimination reaction that con-
sumes a significant portion of the acelal reagent. Although an improved synthetic route for the synthesis of PEG pro-
picnaldehyde can be employed, i.e., via base-catalyzed reaction of 3-hvdroxypropionaidehyde diethyi acetal with PEG
mesylate, the Applicants have discovarad that this reaction route also leads to an elimination side reaction that produces
significant amounts of PEG viny! ether, which is unsiable and produces difficuli-to-remove the parent dihydroxy PEG
{alsoreiarred to as PEG diol). Consaguently, the vield of this reaction is generally less than aboul 85 {0 80%. Moreover,
using either of the above-described PEG propionaldehyde syntheses requires hydrolysis of the acetal intermediate at
very low pHs, 2.g., at pHs of 2 or lower. Hydrolysis at such low pHs is undesirable due to the large amounts of base
necassary to neulralize the reaction mixture to pHs suitable for conjugation. Additionally, coupling PEG propionalde-
hyde 1o a protein at basic pHs can be problematic due to formation of significant amounts of acrolein {resulting from
a ratro-Michast type side reaction), which is gquite difficull io remove. Formation of such undesirable side products
necessitates extensive purification to obiain a pharmaceutical grade product.

{80871 Thus, there exists a need for improved electrophilically activated polymar derivatives for conjugaling to bio-
logicaily active molecules and surfaces, particularly polymer derivatives that (i) are selective in their coupling chemistry,
{ii} can ba prepared in high vields and in few reaction sieps, (i) are stable over a wide range of pHs, (iv) can e readily
isolated, {iv) can be prepared in high purity {i.e., substantially absent polymer-derived impurities and side-products,

g
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and {v) overcome at least some of the drawbacks of known polymer derivalives such as those described above.
SUMMARY OF THE INVENTION

[BGOR]  The present invention provides a unique Tamily of polvmer alkanals - La., polymers comprising af [east one
aldehyde functionality coupled o a polymer segment by one or more interposing carbon atoms.

{80891 The polymer alkanals of the invention are, for the most parl, less reactive than prior art aldshyde derivatives
and, thus, more selective. Further, the polymer atkanals of the invention are prepared in high vield, and certain structures
can be prepared in a straightforward one step process. Certain of the polymer aldehydes describad hersin are more
stable atl basic pHs than prior known aldehvyde derivatives, and are formed without significant or even detectable
amountis of retro-Michael type reaction side products. Moreover, the polymer alkanals of the invention are formed from
the carresponding acetal precursors by hydrolysis under mild acidic conditions, .e., under much less harsh acidic
conditions than required for either PEG acetaldehyde or PEG propionaldehyde. Such mild conditions allow direct in
situ conjugation of the polymer derivatives of the invention with proteins, peptides, or other molecular targets without
requiring an intervening isolation step. The polymer alkanals of the invention are also prepared in high purity, making
tham particularly advantageous for coupling to drugs and blogharmaceuticals to provide polymer conjugate cormposi-
tiong having a purity sufficient for administration to a mammalian subject.

[00618] More particularly, in one aspect, the present invention is directed to a water-soluble polymer having the struc-
fure:

R O

! i
LY s X e £ oo £ e o}

1

in the above structure, POLY represents 3 water-soluble polymer segment; X' is a linker moiety; z' is an integer from
1 to about 21; RY, in sach occurrance, is independantly H or an organic radical selected from the group consisting of
alkyl, substituted ally, alkenyl, substituled alkenyl, alkynyl, substituted alkynyl, aryl, and substifuted aryl; and B2, in
each occurrence, is independently M or an organic radical selected from the group consisting of alkyl, substituted alkyl,
alkenyl, substituted altkenyt, alkynyl, substituted atkynyl, arny, and substituied and.

[0011] In some instances, the polymer alkanals of the invention will possess certain features. For example, according
o one embodimant of the invention, when POLY is linear: (8} the {otal number of carbonyls {exciuding/not counting
the aldehvde carbonyl carbon) present in the polymer is § or 2 or greater except when X' comprises one or more
contiguous {-CH,CH,G-) or (-CH,CH,NH-} segments. When X' compriges one or more sontiguous (-CHCH,0-) or
{-CH,TH,NH-} segments, then the fotal number of carbonyls present in the polymeris 0, 1, 2, or greater.

[8012] In vet ancther example, according to a further embaodiment, when X' is oxygen or comprises at least one
{(-CH,CH,0-) segment and Z' is from 2 to 12, then at least one of RT or R2 in at ieast one occurrence is an organic
radical as defined above or the polymar is heterobifunctional, where POLY comprisas a reactive group at one terminus
that is not hydroxyt.

{8013] The polymer alkanais provided herein may possess any of a number of overall geometries or structures, o
be described in greater detail herain. Preferably, when POLY is branched, then sithar (i) al least one of RT or RZ in at
feast one ccourrence is an organic radical as defined above or (i) X includes -{CH,CH,O) -where b is from 1 1o about
20 in the inslance where POLY compriges a lysine residua. Allarnatively, whan POLY is branched and possesses two
polymer anms, then neither polymer arm comprises oxygen as the only helercatont in the instance where POLY com-
prisas "C-H" as a branch point.

{8014] Generally speaking, the polymer alkanais of the invention possess a structure where z' {alls within one of the
following ranges: z' is from about 2 to 21, from about 3 to 12, from about 3 1o 8, or from 3 to about 8.

{80151  In one particular embodiment of the invention, the polymer has the siructure:
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where POLY, X, sach R, sach RZ and R? are as defined above. In the preceding structure, C, indicates the
aldehyde carbonyl carbon; G indicates the carbon adjacent to or o (alpha) to the carbonyi carbon or Cy; Cq indicates
the carbon atom once removed from the carbonyl carbon or in the § (beta) position; and C4 indicates the carbon alom
in the v position. Polymer alkanals having the overall structure depicted by I-A arc generally referred to herein as
palymer butanals. In prefered varations of formula A above, R attached to ©, is alkyl, and all other B! and R2
variabies are H. Preferably, the R atiached to C, is lower alkyl, Altlernatively, the polymer alkanai corresponds to
structure I-A above, where the R attached to Cjy is alkyl, and aii other R' and R? variables are H. In yet ancther
preferred ernbodiment, the polymer alkanal is described by structure {-A where the R’ aftached o G, is alkyl, and ali
other B! and R? variables are H.
{80181 In yet another particular embodiment, a polymer alkanal of the invention corresponds to formula §, and pos-
ses5es an additional carbon atom in the alkylene chain when compared to structure A, In this embodiment {ses
structure B harain), 27 is 4, the R attached 1o s alkyl, and all other R and R2 variablas are H. Allernatively, either
the R attached to C,4 or Cy is alkyl, and ail other R and R? variables are H.
[0017]  In yet ancther particular embodiment falling within formula |, 2 is 5, the R aftached to G, is alkyl, and all
other R and R? variables are H (see sitructure -C herein). Aliernatively, one of the R' variables attached to C; 0r &y
or Cy is alkyl, and aif other R and R? variables are H.
{80181 The polymer alkanal in accordance with formula |, in certain embodiments, possassas a linker moiely de-
scribad generslly by the formula: -{CH)-D-(CHjeor (CHgl-M-C{O}-K-{CHy ), where cranges fromzerc to 8, D
is O, NH, or 8; e is G or 1, { ranges from zero 10 8; pranges from zero (0 8; M is -NH or ; Kis NH or §; g ranges from
zero to 8, and r and s are each independently § or 1. Specific linkers falling within this general formula are described
in graaler datail below.
{8018] The linker moiety may optionally include an oligomeric segment corresponding to the structure -(CH,CHL0), -
)r-v(C}-izCi-izNH)g--, where b and g are each independentiy 1 1o 20, Preferably, b and ¢ sach independantly range from
about 1 1o 16, and even more greferably range from about 1 to about 8. These oligoreric linkers provide additional
stability to the altkanals of the invention, and also provide advaniages in the synthetic methodology for preparing the
polymers, {o be described in more deiail balow.
{0028] More particularly, in cerfain embodiments, X' comprises a moiety corresponding to the structure-{CHo) -
D {CHY)rP- 00 {GHy ) o-M-C{OWK (O} T, where Pand T are sach independenily -{CHaCHy O)y- or {CHyCHyNF) .
and b and g each independently range from 1 to about 20, In a specific embodiment of 3 polymer alkanal in accordance
with formula |, X' comprises -C{OINH-{CH, ), gNH-C{O}- or -NHG{QINH-{CH,), gNH-C{O)-.
{8021] Preferably, the water-soluble polymer segment of a polymer alkanatl of the invention is a poly{alkvlene oxide},
a polyivinyl pyrrolidone), a poly{vinyi alcohol), a polyoxazoline, a poly{acrylovimorphalineg), or a poly{oxyethylated poly-
of). In a praferred embodiment, the polymer segraent is a poiv{alkylene oxide), preferably poly{ethylene glycol).
{00227 According to one embodiment, the poly(ethylene glyool} segment comprises the structure: Z-(CH,CH,0),-
or Z-{CH,TH,03,-CHLCH,-, where n ranges from abiout 10 (o about 4000 and Z is a molety corprising a functional
group selected from the group consisting of hvdroxy, amino, ester, carbonate, aldehyde, alkenyl, acrylate, methacrylate,
aceylamide, suifone, thiol, sarboxylic acid, isocyanate, isgthiocyanale, hydrazide, malsimide, vinvisulfone, dithiopyrid-
ing, vinylpyridine, icdcacsetamide, alkoxy, benzyioxy, silane, lipid, phospholipid, bictin, and fiuorescein.
{80231 Allematively, POLY may ke terminally cappad with an end-capping moiety such as alkoxy, substituied alkoxy,
atkenyloxy, substituted alkenyloxy, alkynyloxy, substituled alkynyloxy, arvloxy, and substituted arvioxy. Preferred end-
capping groups include methoxy, ethoxy, and benzyloxy.
{80241 Generally, POLY possesses a nominal average molecular mass falling within one of the following ranges:
from about 100 daltons fo about 100,000 dailtons, from about 1,000 dalions to about 50,000 dalions, or from about
2.000 dalions to about 30,000 daltons. Preferred molecular masses for POLY include 250 daltons, 500 daltons, 750
daltons, 1 kb3a, 2 kDa, 5 kDa, 10 kDa, 15 kDa, 20 kDa, 30 kDa, 40 kDa, and &0 kDa, or even greater.
{00251 In yet another particular ermbodirmant, the polymer alkanal of the invantion comprises the structure:



18

30

40

45

50

55

EF 1 581 467 A1

o K =18 Be'
i ! ] i
He G ? W e POLY e X ? Gt
: L
R2). A2l
11

wherein POLY, each X, each {z'), sach R, sach R2, and each B3 are as praviously defined. In a specific em-
bodiment, POLY is linear and the polymer is homobifunctional.
{80281 Asstaled above, the polymer segment within the polymer alkanal may possess any of a number of geometries,
such as linear, branched, forked, multi-armed, or dendritic, 1o be described in greater detail below.
{00271 Spacific embodiments of the invention include polymer alkanals corresponding to the following siructures:

1
o { }j
PEG—{(CHy )y C~NH —{CH,CH,O)y Gt
: 2
2:5 ¥

Hi-A
1

T o e T

T
) fi
PEG—{(CHy )y C -NH —(CHaCHoNH)y — | C——C—H

§:§2
V-A

[0028] In the above structures, PEG is poly{ethylena glyeol), and b and g are each independently Oto 20, ais 0 o
8. For generalized siructures provided in this seclion, variables somresgond to ranges/values previously provided unlass
otherwise noted.

{80291 In a specific embodiment, a polymer altkanal in accordance with the invention corresponds o the struclure:

H
PEG e OT M{CHQCHEO}b C4 {33 Cz Cg"‘“"‘”H

{{i-D

{80381  One particularly preferred polymer alkanal faliing within the generalized structure -D possesses the struc-
fure:
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{6031] According to ancther aspect, the invention is directed o a composition comprising a water-soluble polymer
having the sirusture:

_—
E

where the composition is absent detectable amounis of iodine-containing species or retro-Michasl type reaction prod-
ucts. Thisis particularly advantageous, since lodine-containing species can lead to degradation of poly{ethyiene glycol)
chaing due {0 chain cleavage, resulting in a polymer product having & high polydispersity value, e.q., greater than
around 1.2, Preferably, a polymer alkanal of the invention will possess a polydispersity value of less than about 1.2,
preferably less than sbout 1.1, and even more preferably less than about 1.05. Even more preferrad are polymer
alkanals such as those described herein characterized by a polydispersity of 1.04, 1.08 or less.

[0032] In accordance with yel another aspadt, the invention relates {o a compaosition comprising a water-soluble
polymer having the siructure:

POLY e X Gt

g g Tl

z

where POLY is alinear, terminally end-capped water-soluble polymer segment and the compaosition is abseant detectabla
amounis of dialdehyde polvmer derivative.

{8033] One additional feature of the polymer alkanals of the invention is their stability, e.q., storage stability, in com-
parison to othar known polymer aldehyde composilions. For exarmple, provided herein is a polymer atkanal composilion
that exhibits 10% or less degradation of the polymer aldehvde group when stored at 40° C for 18 days, as determined
by NMR.

{8034] In a preferred embodiment, the composition of the invention comprises a polymer alkanal corresponding o
the following structure:
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{80351 In an even more prefarred embodiment, in accordance with structure VI-A, POLY possesses the structure
Z-{CHLCH,O),-CHLCH,-, where X is O, nrangas from about 10 o about 4000, and Z sompeises a functional group,

targeting moiety, reporter, capping group, or the like.
{00381 Another compaosition of the invention comprises a polymer i accordance with the struciure:

o H H oH H O H H O
B E | | ! | ] ]
e ? ? ?mc {CHCH Ol CHp O e Qe c§: ? ? Cormmnid
H 0HOH H  oH M

Vi

{80371 In vel ancther aspect of the invention, provided are hydrate or acetal forms of the above-described polymer
alkanals.

{00381 Acetals of the invention include dimethyl acelad, disthyl acetal, di-isopropyl aceial, dibenzyl acelsl,
2,2, 2-richloroethy! acetal, bis{Z2-nitrobenzy) acetal, 5,8 -dimethyi acetal, 5,8 -diethyl acetal, and dioxolanes.

{80381 More particularly, an acetal or hydrate form of a polymer alkanal of the invention may be described ganerally
by the following structure:

i

!

POLY e et Ci—whR4
4,k

X

where W2 and WP are each independently O or §, and R® and R4 are each independently H, or an organic radical
selected from the group consisting of methyl, ethyl, isopropyl, benzyi, 1,1, 1-trichoroethyl, and nitrobenzyl, or when
taken together, are -{(CH,)o- or -{CH5)s-, forming a 5 or 6 membered ring when considered togsther with W2, C4, and
NE. The polymer acatals are useful precursors of the alkanals of the invention, and oan be hydrolyzed to visld a polymar
alkanal.

{6048] In ona particular embodiment, provided is a watar-soluble polymer having the structure:

anl
N
POLY e X' ? Cr—wWhRe
]
L“LE;: H
X-A
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Instructure XA, the alkanad is one having only methylene or -{CH, }- carbions separating the acetai or aldehyde hydrate
portion of the molecule from the linkar, X',

{80411 Furiher, the invention is directed to conjugates formed by reaction of a biologically active agent with the herein
described polymer aikanals, their hydrates and/or the corresponding alkanals.

{00421 Preferably, the conjugate corresponds o the following structurs:

ak
POLY e Xt O e O WNH-biclogically active agent

i
| o
.z

§

where "NH-biologically active agent” represents & biclogicaily active agent comprising an amino group.

{80431 Also forming part of the present invention are hydrogels formead from the herein described polymer alkanals
or their precursers.

{(044] In accordance with yet another aspect, the invention provides protecied aldehydes reagents. These protected
aldehyde reagents are pariisularty useful for forming the polymer alkanals of the invention, and correspond generally
o the following structures:

7o
G (l: Cr—wop?*
;::%2 g
s H
Xi-A
R1 WSRS
!
G«-(CHzﬁﬁz?SH) <§: Cr—wWboR?
RSE é
» H
¥i-B
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R : ?QRB
|
G~ {CHCH Oy (EJ Cr—wWhR4
21
R , H
XI-C

where G is a functional group, and the remaining variablaes have the values set forth above.

{80451 In preferred embodiments of structures Xi-A, B, and C, G is a teaving group such as chiaride, bromide, para-
tolylsulfonate ester, mathyisulfony ester, triflucrosulfonyiaster, and triflucrosthylsulfony! ester,

{60481 Aldternatively, G is a functional group selected from the group sonsisting of - OH, -NH., -8H, and prolecied
forms thereof,

{80471  Anaother aspact of the invention is direcled 1o a method for preparing a water-soluble polymer alkanal, oplion-
ally in protected form. Briefly, the method includes the steps of reacting a water soluble polymer comprising &t least
ne reactive group, Y, with & protectad alkanal reagent comprising from about 2 1o 20 carbon atoms and a reactive
qgroup, K, suitabie for displacement by or alternatively, reaction with Y, under conditions effective to form a water soluble
polymer alkanal in protected form. In this meathod, an activated polymer is coupled to a reagent bearing the alkanal
portion of the final produdt, or a precursor thereto.

{0048 Preferably, the reaction is carried out under an inert atmosphere.

{80481 In one spedific embodiment, POLY-Y, is prepared by direct polyrerization.

{80501 The method may also include the additional step of hydrolyzing the protected water soluble polymer alkanal,
e.q., under acidic conditions, 1o form tha corresponding waler soluble polymer atkanal.

{8051] In a preferred embodiment, the hydrolyzing step is carried out at a pH of no lower than about 3.

{06521 Protected forms of the alkanal reagent for carrying out the method include acetals such as dimethyl acelal,
diethyl acetal, di-isopropy! acetal, dibenzyl acetal, 2,2, 2-trichioroethyt acetal, bis{2-nitrobenzyi) acetal, 3,8 -dimethyi
acatal, and §,5'-diethyl acetal, cydlic acetals and cyclic thisacetals.

{80531 Invet a further embodiment, the polvmer alkanal thus produced is recoverad by raising the pH of the reaction
mixture to from about 8.0 to 7.5, exiracting the polymer alkanal into an organic solvent, and removing the solvent.
{06541 In a preferred embodiment of the method, the waler soluble polymer corresponds o the structure, "POLY-Y",
and the protected atkanal reagent corresponds to the structure:

;7 WeR?

|
Cr—wor?
2

=
T e (e 3

E
H
z

XI-I»

{80551 Preferably, POLY comprises a poly{athylene glycol) that may or may not be terminally end-capped.

{80567 In one particular embodiment of the method, POLY-Y comprises the structure Z-(CH,CH,0) M, wherein nis
from about 10 to about 4000, and Zis selected from the group consisting of -OCH;, -OCHLCH;, and -OCHy{(CgHs) In
a further embediment, POLY-Y comprises the structure Z-{CH,CH,0), CHCH,O- MY, where POLY-Y is prepared by
anionic ring-opening polymerization of ethylene oxide onlo an end-cappad aleoholale salt such as Z-CH,CH,G M7,
prepared by metaliation of the terminal -OH group of Z-CH,CH,OH with a strong base. M* represents a metal counterion
such as Na*, K*, Li7, Cs*, Rb™. POLY-Y thus prepared is then suitable for reaction with a protected alkanal reagent as
described above.
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{80571 In yet a further particularty preferred embodiment, the recovered alkanal is absent detectable amounts of
unreacted POLY Y {e.g., Z-(CH,CH,0), H) and retre-Michae! type reaction produnts.

{80581 Inystancitherembodiment of the method, POLY-Y corresponds to PEG-dicl, thatis to say, POLY-Y possessaes
the siructure HO-(CH,CH, O H, wherein n is from about 10 to about 4000, K is selected from the group consisting of:

7 g §
. Qﬁamgw CFamgm GFgCHg‘“““%W
O O

3

and the method results in formation of a protected polymer alkanal having the structure:

or? | A {?‘ ?ﬂs
o ,
R“O——“g i G WOW(CHzCHz(}}n“‘i? gm oR?
A2 R?
YA 2

X1

{80591 In vet anciher embodiment of the methed, POLY-Y comprises the siructure Z-(CH,CH, O} H, wherein n is
from about 10 to about 4000, and Z is protested hydroxyl. In this instance, a preferrad embaodiment of the method
includes deproiecting the protected hydroxyt afier the reacting step, optionally followed by converting the terminal
hydroxyt of the poly{ethvlena giveol) to a funotional group other than hydroxyl,

{80687 Examplary functional groups inciude aming, ester, carbonate, aldehyde, alkenyl, acrylate, methacrylate, acr-
viamide, sulfone, thicl, carboxylic acid, isceyanate, iscthiooyanate, maleimide, vinylsuifone, dithiopyridine, vinylpyrid-
ine, iodoacetarnide, and silane. Preferably, the functional group is selecied from the group consisting of N-hydroxy-
syccinimidyl aster, benzotriazolyl carbonate, amine, protected amine, vinylsuifone, and malaimide.

[00681] In accordance with vetl anothar embodiment of the invention, "Y" in POLY-Y is an ionizabie group or is a
derivative of an ionizable group such as a carboxylic acid, active ester, or amine. Preferably, POLY-Y has been chro-
ratographically purified prior 1o use in the reacling step. Inone particular embaodiment, POLY-Y is purified prior to use
by ion exchange chromatography. ideally, such chromatographicaily purified POLY-Y for use in the reacting step is
essentially absent detectable amounis of polymaric impurities. In one such embodiment of this method, POLY-Y is
end-cagped, and is esseniially absent detectabie amounts of PEG-dicl or difunctional PEG impurities.

{80621 Altematively, in practicing the msthod of tha invention, the alkanal reagent comprises the structure:

al  WR
3

|

K {CHZCHENH) C Cr—wtg?
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or
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3
iRe
K~ {CHCHOY, (E) Cy—WoR4
i
R l

XI-G

whara g and b sach independantly range from about 1 to about 20. As an example, a preferrad atkanal reagent

corresponds to the siructure:
i l
C 4
- H

z

o~ {CHaCHLO),

mmﬂm:ﬁ

XI-H

and the product of tha reacting step possesses the generalized structure:

7 ?R3
: i |
PEQG = C—pH— (CHaCHO) ? Ci~QORr*
|
2] . H
IX-B

{80831 In vel another approach for preparing a polymer alkanal of the invention, a poiym@r atkanal as described
herein is prepared by building the polymer segment directly onio an gcetal precursor, e.g., by direct polymernization.
More specifically, this method comprises the steps of:

(i) providing an acetal precursor comprising at least one active anionic site suitable for initiating polymerization,
(i) contaciing the anianic sile of the acelal precursor with a reaclive monormer capable of polvmerizing, o thereby
initiate polymerization of the reactive monomer onto the acetal precursor,

(i} 85 a resull of said contacting step, adding addilional reaclive monomers to the acelal pracursor to form a
polymer chain,

{iv} aliowing said contacting to continue until & desired length of the polymer chain is reached, and

{v} terminaling the reaction io achigve a polymer aldehvde precursor of the invention.

{80841 The resuiling polymer aldehyde precursor can ee further hydrotvzed o the corresponding alkanal as seti forth
above, if desired.

{80851  In one parlicular embodiment of the above mathaed, the reactive monomer is athylene oxide and the reactive
anicnic site contained within the acetal precursor is an alkoxide anion {(Q-), preferably accompanied by an alkali metal
or other suitable counterion. The alkoxide end group present in the acetal precursor is activa for anionic ring opening
polymerization of ethylene oxide to form a polymer alkanal of the invention.

{6068] The acetal precursor will generally possess a structure corresponding to:
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R‘I W&Rfﬁ
!
X C C~—whpt
Ll
, H

where the variables possess the values described above, with the exception that X' terminates in an oxygen anion, or
r{e.g., in its neutral form, X typically terminates in a hydroxyi group or -OH, that in the presence of a strong base, is
convertad to the corresponding alkoxide sait). Suitable countarions include Na*, K*, Li*, and Cs*. The terminating step
generally comprisas naulralizing the reaclion, e.9., by addition of acid. Optionally, the polymer segment may be capped
by addition of an alkylating reagent or other reagent suitable for providing a non-reactive terminus.

{80871 These and olher objects and features of the invention will bescome more fully apparent when read in conjunc-
tion with the following detailed description.

BRIEF DESCRIPTION OF THE FIGURE

{80681 FIG. 1is a general reaction scheme for preparing a potymer alkanal of the invention by anionic ring opening
polymerization of ethylene oxide {(EQ) on an acetal precursor having an anionic site.

DETAILED DESCRIPTION OF THE INVENTION

{06069] Before describing the present invention in detall, it is to be understood that this invention is not limited {o the
particular polymers, synthetic tachniques, active agenis, and the like as such may vary. itis also to be undersicod that
the terminology used herein is for describing particular ernbodiments only, and is not intended o be limiling.

{8078  Hmust be noted that, as used in this specification, the singular forms "a,” "an,” and "the" include plural referents
uniess the contexi clearly dictates otherwise. Thus, for example, reference fo a "polymer” includes a single polymer
as well as two or more of the same or different polymers, reference to a "conjugate” refers to a single conjugate as
well ag two or mora of the same or different conjugates, reference to an "excipient” includes a single exaipient as wall
3s two or more of the same or different excipients, and the like.

{86711 In desoribing and claiming the present inverition, the following terminology will ke used in accordanse with
the definitions described below.

DEFINITIONS

[0672] The following terms as used herain have the meanings indisaiad.

{80731 As used in the specification, and in the appended claims, the singular forms "a", "an”, "the", inglude plural
referents unless tha conlexd clearly dictales otherwise,

{8074] "PEG" or "polylethviense glycol}" as used herein, is meant 1o encompass any water-soiuble poly{ethylene
oxide). Typically, PEGs for use in the present invention wili comprise one of the two following structures: "-{(CH,CH,0),,-"
or "-{(CH,CH, 01, ,CH,CH,-," depending upon whether or not the terminal exygen(s) has been displaced, e.g., during
a synthetic transformation. The variable (n} is 3 to 3000, and the terminal groups and architecture of the overall PEG
may vary. YWhen PEG further comiprises a linker moiety (to be described in greater detail below), the atoms comprising
the linker (X}, when covalently attached to a PEG segment, do not result in formation of {i) an oxygen-oxygen bond {-
O-0-, a paroxide linkage), or (i) @ nitrogen-oxygen bond (N-O, O-N). "PEG" means a polymer thal contains a majority,
that is tu say, greater than 50%, of subunits that are -CH;CH,0-. PEGs for use in the invention include PEGs having
a variety of molecular weights, strustures or geometrise {e.q., branched, linear, forkaed PEGs, dendrilic, and the like)},
to be described in greater detail below.

[0075] "Water-scluble”, in the context of a palymer of the invention or a "water-soluble polymer segment” is any
segment or polymer that is soluble in water at room temperature. Typically, a water-soluble polymer or segment will
fransmit at least about 78%, more preferably at least about 85% of light, transmitted by the same solution after filtering.
On a weight kasis, a water-soluble polymier or segment thereof will preferably be atleast about 35% {(by weight) soluble
in water, more preferably at least about 50% (by weight) soluble in water, still more preferably about 70% (by weight)
soluble in water, and still more preferably about 85% {by weight} soluble in watar. It is most preferred, however, that
the water-soluble polymer or segment is about 95% (by weight) soluble in water or completely soluble in water.
{86078] An "end-capping” or "end-cappad” group is an inert group present on a terminus of a polymer such as PEG.
An end-capping group is one that does nol readily undergo cherical iransformation under typical synthetic reaction
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conditions. An end capping group is generally an alkoxy group, ~OR, where R is an organic radical comprised of 1-20
carbons and is preferably lower alkyi {2.g., methyi, athyl) or benzyl. "R" may be saturated or unsaturated, and includes
ary, hetercaryi, cyclo, heterocycio, and substituted forms of any of the foregoing. For instance, an end capped PEG
will typically comprise the structure "RO-(CH,CHL0),-", where R is as defined above. Altematively, the end-capping
group can also advaniageously comprise a deiactable label. When the polyrnar has an end-capping group comprising
a detectable fabel, the amount or location of the polymer and/or the moiety {e.g., active agent) io which the polymer
is coupled, can be delermined by using a suitable detecior. Such labels include, without limitation, flucrescers, chami-
luinescers, moielies used in enzyme {abeling, colorimeatric {2.g., dyes), metal ions, radicactive moigties, and the like.
[8077] "Non-naturaily occurring” with respest to a polymer of the invention means a polymer that in its entirety is not
found in nature. A non-naturally occurring polymer of the invention may however contain ong or more subunils or
segments of subunits that are naturally ccourring, so long as the overall polymer structure is not found in nature.
{80781 "Molecular mass” in the context of a water-saiubie polymer of the invention such as PEG, refers to the naminal
average molecular mass of a polymer, typically determined by size exclusion chromatography, light scattering tech-
nigueas, or intrinsic velocity determination in 1,2, 4-trichiorckenzens, The polymers of the invention are typically poly-
disperse, possessing low polydispersity values of less than shout 1.20.

{80791 The term "reactive” or "activated” when used in conjunclion with a parlicular funclional group, refers to a
functional group that reacis readily with an electrophile or & nucieophile, typically present on anciher molecule, o
undergo a transformation. This is in contrast to those groups that require strong catalysts or harsh reaction conditions
in order to react {i.e., a "nonreactive” or "ineri” group).

{80807 The term "protected” or "protecting group” or "protective group” refers to the presence of a moisty {i.e,, the
protecting groug) thal prevents or blocks reaction of a particular chemically reactive functional group in a molacuia
under certain reaction conditions. The protecting group will vary depending upon the type of chemically reactive group
being protected as well as the reaction conditions o ba employad and tha presence of addilional reactive or protecting
groups in the molecule, if any. Protecting groups known in the art can be found in Greene, TW., ef al,, PROTECTIVE
GROUPS IN ORGANIC SYNTHESIS, 3rd ed., John Wiley & Sons, inc., New York, NY {18988).

As used herein, the ferm "functional group” or any synonyra thereo! is meanti to encompass prolecied forms thereof.
[0081] The term "linker molety” is used herein {g refer 1o an atom or a collection of atoms optionally used to link
interconnecting maieties, such as a polymer segrment and an alkanal. The linker moleiies of the invention may be
hydraivtically stabie or may include a physioclogically hydrolyzable or enzymatically degradable linkage.

{B082] A "physioiogically cleavable” or "hydrolyzabla" or "dagradable” bond is a relatively weak bond that reacts with
water {i.e., is hydrolyzed) under physiclogical conditions. The tendency of a bond to hydrolyze in water will depend not
srily on the general type of linkage connecting two central atoms but also on the substituents attachad {o these ceniral
atoms. Appropriate hydrofyvtically unstable or weak linkages include but are not limited to carboxylate ester, phosphate
ester, anhydrides, acetals, ketals, acyioxyalkyl ether, imines, orthoesters, peptides and oligonucleotides.

{B083] Anenzymatically degradable linkage” means alinkage that is subjectto degradation by one or more enzymes.
[0084] A "hydrolytically stable” linkage or bond refers to a chemical bond, typically a covalent bond, that is subsian-
Hially stable in water, that is to say, does not undergoe hydrolysis under physiclogical conditions o any appraciabie
extent over an extended period of time. Examples of hydrolytically stable linkages include but are not limited fo the
following: carbon-carkon bonds {e.¢., in aliphalic chains), ethers, amidas, urathanes, and the like. Generally, a hvdro-
tyticaily stable linkage is one that exhibits a rate of hydrolysis of less than about 1-2% per day under physiciogical
conditions. Hydrolysis rates of representative chemical bonds can be found in most standard chemistry texthooks.
{60851 “Alkanal" refers 10 the aldehyde podion of a water sciuble polymer of the invention (CHO), including the
carbonyl carbon and any additional methylenes or substituted methyienes (-C{RNR2)- up to the linker moiety con-
necting the atkanat portion of the polymer to the polymar segrment. In naming an alkanal segment, C1 corresponds {0
the carbonyl carbon. The term "alkanal” as used herein is meant to encompass hydrate and protected forms of the
aldehyde group, as well as chalcogen analogs. One particulardy prefarred prolecied form of an alkanal of the invention
is an acetal.

{80881 "Total nurnber of carbonyls”, in reference o certain polymer alkanais of the invention, is the total number of
carbonyl groups contained in the polyrer alkanal, not counting the aldehyde carbon{s).

[8087] "Branched" in reference to the geometry or overall structura of a polymer refers to polymer having 2 or more
polymer "amms”. A branched polymer may possess 2 polymer arms, 3 polymer arms, 4 polymer arras, & palyrer arms,
8 polymer arms of more. One particular type of highly branchad polymer is a dendritic polymer or dendrimer, that for
tha purposes of tha invention, is considered to possess a structure distingt from that of a tranchad polymer.

{8088] "Branch point”refers (o a bifurcation point comprising one or more atoms at which a polymer splits or branches
from a linear structure inle one or more additional polymer arms.

{60891 A "dendrimer”is a globular, size monodisperse polymer in which all bonds emerge radially from a central focal
point or core with a regular branching patiern and with repeat units that each contribuie a branch point. Dendrimers
exhibil certain dendriiic state properties such as core encapsuiation, making thern unique from other types of polymers.
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{80387 “"Substantially” or "esseniialiy” means nearly totaily or completely, for instance, 85% or greater of some given
quantity.
{80811 A "retro-Michaeld type product” refers 1o a product arising from the reverse of a Michael-type addition reaction.
A Michael addition reaction (forward direction) refers to the addition of a nucleophilic carbon specias to an electrophilic
double bond., Typically, bul not necassarily, the nucleophile is an enolale or an enamine although the nucleophile can
also be an alkoxide or an amine or other species. The electrophile is typically an alpha, beia-unsaturated ketone, esier,
or nifrile, although other slectron-withdrawing groups can also activale a carbon-carbon doubla bond o nucleophilic
aitack A product arising from the reverse {or backwards direction) of a Michasi-iype addilion as described above, that
is to say, an elimination reaction resulting in the loss of a nucleophilic carbon speacies {that may be butis not necessarily
an enolale or enaming) and formation of an elecirophilic double bond such as an alpha, beta unsalurated kelone or
tha like as described above is considered a retro-Michaal type product. For exampie, a raetro-Michael-type reaction of
mPEG-propionaldehyde resulis in the retro-Michaet type products, mPEG-OH and acrolein (CHy=CH-CHG).
{80927 "Alkyl" refers to a hydrocarbon chain, typically ranging from about 1 to 20 atoms in length. Such hydrocarbon
chains are preferably but nol necessarily saturated and may be branched or straight chain, although typically straight
chain is preferred. Exemplary alkyl groups include methyi, ethyl, propyl, butyl, pentyi, 1-methyibutyt, 1-ethvipropyl,
3-methyipenivl, and the like. As usad herein, "alkyl” includes cyoloatkyl when three or more carbon aloms are refar-
enced.
[00923] "Lower alkyl” refers to an alkyl group containing fromt 1 to 8 carbon atoms, and may be straight chain or
branched, as exemplified by methyl, ethyl, n-butyl, i-butyl, t-butyl,
{80847 "Cycloalkyl” refers to a saturated or unsaturated cyelic hydrocarbon chain, including bridged, fused, or spiro
ayclic compounds, preferably made up of 3 o about 12 sarbon atoms, more praferably 3 o about 8.
3095] "Non-interfering substituents” are those groups that, when present in a molecule, are typically non-reactive
2 } ¥
with other functional groups containad within the moleaule.
{80881 The term "substituted” asin, for example, "substituted alkyl," refers to a moiety {e.g., an alkyl group) substituted
with one or more non-interfering substituents, such as, but notlimited to: C5-Cp cycioalkyl, €.9., cyclopropyt, cyclobutyl,
and the like; halo, e.g., fluora, ehloro, bromao, and iodo; cyana; atkoxy, lower phenyl; substituted phenyi;, and the tike.
For substitutions on a phenyl ring, the substituents may be in any orientation (i.e., orthe, meta, or para).
{80971  “Alkoxy” refersto an -0O-R group, wherein Ris alky! or subsiituled alkyl, preferably ©,-Cy alkyl {8.4., mathoxy,
ethoxy, propyloxy, benzyl, ete.}, preferably C-C,.
{6098] As used herain, "alkenyl” rafers 1o a branched or unbranched hydrocarbon group of 1 1o 15 atorns in length,
containing at least one double bond, such as ethenyl, n-propenyi, isopropenyl, n-butenyl, iscbutenyl, octenyl, decenyl,
intradecenyl, and tha lika.
{80881 The term "alkynyl” as used herein refers to a branched or unbranched hydrocarbon group of 2 to 15 atoms
in length, containing at least one triple bond, ethynyl, n-propynyl, isopropynyi, n-butynyl, ischutynyl, octynyl, decynyi,
and 50 forth.
§1088]  "Aryi” means one or more aromatic rings, each of § or 6 cors carbon atoms. Aryl includes multiple arvl rings
¢ ¥ yirng
thal may be fused, as in naghthyl or unfused, as in biphenvl. Aryl rings may aiso be fused or unfused with one or more
cyclic hydrocarbon, heteroaryl, or heterocyalic rings. As used herein, "aryl” includes heteroaryl.
01811 "Heteroaryl” is an aryl group sontaining from one (o four heterocatoras, preferably N, G, or 8, or a combination
thereof, Heteroaryl rings may aiso be fused with one or more oyclic hydrocarbon, heterocyalic, aryl, or heteroarvyl rings.
¥ 2] ¥ ¥ b ¥ ¥
[0102] "Heterocycle” or "heterocyclic” maans one or more rings of 5-12 atoms, preferably 5-7 atoms, with or without
unsaturation or aromatic character and having at least ane ring alom which is not a carbon. Preferrad hetercatoms
include sulfur, oxygen, and nitrogen.
{84931 "Subsiituled heteroaryl” is heteroaryt having one or more non-interfering groups as substituents.
{8194] "Substituted heterocycle” is a heterocycle having one or more side chains formed from non-interfering sub-
slituanis.
{86105] "Electrophile” refers to an ion, atom, or collection of atoms that may be ionic, having an electrophilic center,
e, a centar that is electron seeking, capable of reacling with a nudleophiie.
{81861 "Nucleophile” refers to an ion or alom ar coliection of atoms that may ke ionic, having a nudeophilic center,
i.2., a center that is seeking an electrophilic centar, and capabie of reacting with an electrophile.
{81071 ‘“Active agent” as used herein includes any agent, drug, compound, composition of matier or mixture which
provides some pharmacologic, often beneficial, effect that can be demonstrated in-vivo or in vitro. This includes foods,
food supplements, nutrients, nutriceuticals, drugs, vaccines, antibodies, vitamins, and other beneficial agents. As used
herein, these terms further include any physiclogicaily or pharmacoiogically active substance that produces a localized
¥i k 2 ¥ }
or systarnic effest in a palient.
{81081 "Pharmaceulically acceptable excipient” or "pharmaceutically acceptable carner” refers 1o an excipient that
can be included in the compaositions of the invention and that causes no significant adverse toxicological effects to the
patient.
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{81081 ‘“Pharmacologically effective amount,” "physiclogically effective amount,” and “therapeutically effective
amount” are used interchangeably herein to mean the amcunt of a PEG-active agent conjugate present in a pharma-
ceutical preparation that is needed to provide a desired level of active agent and/or conjugate in the bloodsiream or
in the target tissue. The pracise amount will depend upon numerous factors, e.g., the particular active agent, the
somponents and physical characieristios of pharmacaulical preparation, inlended patient population, patient consid-
erations, and the iike, and can readily be determined by one skilied in the art, based upon the information provided
hierein and available in the relevant literature.

{81101 "Mulli-funclional” in the context of & polymer of the invention means a polymer backbone having 3 or more
functional groups contained therein, where the functional groups may be the same or different, and are typicaily present
on the polymer termini. Muli-functional polymers of the invention will tygically contain from about 3-108 functional
groups, or from 3-50 functional groups, or from 3-25 functional groups, or from 3-15 functional groups, or from 3 to 10
functional groups, or will contain 3, 4, 5, 8, 7, 8, 8 or 10 functional groups within the polymer backbone.

{8111] A 'difunctional” polymer means a polymer having two functional groups contained therein, typically at the
polymer termini. When the functional groups are the same, the polymer is said o be homodifunclional. Whan the
functional groups are different, the polymer is said to be heterohifunctional

§112] A basic or acidic reactant described herein includes neutral, charged, and any corresponding salt forms there-
[8113] "Polyolefinic alochol” refers to a polymer comprising an olefin polymer backbone, such as polyethyiene, having
muiliple pendant hydroxyi groups attached to the polymer backbone. An exemplary polyolefinic alcohol is polyviny
alcohol,

{81141  As used herein, "non-paplidic” refers to a polymer backbone substantially free of peplide linkages. Howeaver,
the polymer may include a minor number of peptide linkages spaced along the repeat monomer subunits, such as, for
example, no mora than about 1 peptide linkage per about 50 monomer units.

{61181 As used herein, "hydrate” refers 1o a hydrated aldehyde resuiting from addition of a water molecule to the
aldehyde group, which replaces the carbonyi functionality with two hydroxyi groups. Aldehydes reach squilibrium with
the corresponding hvdrate n waler

[0118] The term "chalcogen analog” refers to aldehyde analogs wherain the oxygen atom is replaced with another
heteroatom, generally sulfur, selenium, or feffurium.

{81171 The term "patient,” refers 1o & living organism suffering from or prone to a condition that can be prevented or
treated by administration of a polymer of the invention, typically but not necessarily in the form of a polymer-active
agent conjugate, and includes both humans and animals.

{81181 "Optional” or "oplicnally” means that the subsequently desaribed circumsiance may or may not occur, so that
ihe description includes instances where the circumstance occurs and instances where it does not.

THE POLYMER

[8118] In a first aspedt, the invention provides a waler-scluble polymer having a reactive aldehyde group. The pol-
ymers of the invention are unique in many respects. They are prepared not only in high yield, but are aiso storage
stable due to the absence of deleterious reaction side-products that can lead (o polymar chain degradation and poor
polymer polydispersity. The polymers, in parlicular end-capped polymers, are additionally prepared in high purity, e.
g., absent detectable amounts of PEG-diol derived and other polymaric impurities. This feature is particularly advan-
fageous for preparing high molecular weight end-capped PEG polymaers, 2.g., having a molecular weight of about 30
kDa or greater, where the amount of PEG dicl impurity in raw material such as mPEG can range from about 2% by
weight to 3% by weight or greater, depending upon the supplier. Moreover, in certain embodimeants, the polymaers of
the invention are {ess reactive than other known polymer aidehydes, making therm more discriminatory in conjugation
reactions and more stable during transformation, handling, and reaction work-up.

GENERAL STRUCTURAL FEATURES AND ALKANAL PORTION
[0128] Generailly speaking, the polymer of the invention possesses a polymer segment connected o from about 1
io aboul 21 contiguous methylenes or substiluted methylenes terminating in an aldehyde function (.e., the alkanal

portion) via an interposing linker moiety. A generalized structure corresponding to the polymer of the invention is pro-
vided below as Structure (.
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{81211 In reference to the description above when viewed in conjunction with structure |, the polymer segment is
reprasentad by FOLY, the linker moiety is represented by X', and the contigucus methylenes {forming an alkylena
chain) or substituted methvlenes {forming a substituted atkylene chain) are represented by - C{R{R2}-. More specif-
icaily, in Structure |, POLY is a water-soluble polymer segment; X' e 8 linkar moiety; and 2’ is an integer from 1 o about
21. R, in each occurrence, is independently H or an organic radical such as alkyl, substituted alkyl, atkenyt, substituted
alkenyl, alkynyi, substituted alkynyl, arvl, and substituted aryl. R?, in each occurrence, is also independently H or an
organic radical such as from the group consisting of alkyt, substituted alkyl, alkenyl, substituted alkeny, alkynyl, sub-
stituted alliynyi, aryl, and substituted aryl. Although many of the structures explicitly provided herein are aldahvdes, it
is to be understood that these same slructures and indeed the invention as a whale is meant {o exiend o the corre-
sponding aldehyde hydrates, aldehydes in protected form, and chalcogen analogues where the carbonyl oxygen in
struciure | is replacad by a sulfur, selenium, or teliurium,

{81221 The present invention provides considerable flexibility with regard to the size of the alkylene chain connected
o tha aldehyde group. The carbon chain length is considered as the carbony carbon (C1)pius the numbar ofintervening
carbon atoms, {(8.g., the total number of Cs comprising the FO(RTHRAZ’ portion of the polymer), connecting the car-
bonyi carbon to the linker. The carbon chain length is typically 3 to about 22 carbon atoms, or more typically from about
4 o aboutl 13 carbon atoms. In reference o structure | above, this means that the value of 2’ typically ranges from 2
to about 21, or more typically from about 3 to 12, Mora expiicitly, the value of 2’ is most typically one of the following:
1,2,3,4,5,6,7,8,9, 10, 11, 12, or greater. Most preferred are 2' values in the range from 2 to about 8. One pariicularly
preferred polymer alkanal of the invention is one where 2’ is 3.

{81231  Inreferring o siructure | abova, cerlain types of alkanals are particularly preferred. Such compounds include
alkanals as described above having at least one organic radical positioned on at least one "C" in the carbon chain.
The organic radical may e any of the organic radicals mentioned above, e.g., aikyl, substitutad alkyl, alkenyl, substi-
tuted altkenyl, alkynyi, substituled alkynyl, aryl, and substituted aryt, with alkyl being preferred. Typically, the alkyl group
is straight chain lower alkyl or branched lower alkyl such as methyi, ethyl, propyl, isopropyl, n-butyl, iscbutyl, sec-butyl,
pentyl, etc., with siraight chain being generally preferred. One pariicularly preferred alkyi substituent is methyl,
[8124] Although the alkanal portion of the polymer may possess more than one arganic radical positioned on one or
maore "Cls in the carbon chain, one type of praferred alkanal is one in which only one "C" in the carbon chain is substifutad
with an organic radical and ali other R and R? are H. For example, regardiess of ihe length of the alkylene chain,
preferred are alkanals where all the R and R? variablas are H, with the axoaglion that: (i} one of R or R? positioned
at C-2 is alieyl, or (i} one of R! or R2 positioned at C-3 is alkyl; or (i) one of R1 or RZ positioned at C-4 is alky!; or {iv)
one of R! or R? positioned at C-5 is afkyl, and so on. One particularly preferred type of substituent in this regard is
fower alkyl such as methyl; ethyl, or propyl. The synihesis of an illustraiive 2-methyl subsiituled alkanal of the invention,
mPEG-2-methyibutyraidehyde, is described in Example 17.

{81251 In focusing at present on the alkanal portion of the polymer, certain preferred alkanals are shown below.

Rt R =¥ o]
{ E ! i
POLY X' ?4“-—(;)3“(;.‘22%&_“}-%
R g e Structure

I-A.

Structure I-A is one where the value of z' from structure | is 3, This structure, regardiess of whether any one or more
of C2, C3, or C4 is substituted with an alkyi or other organic radical as desoribed above, is referred o herein as a
"buiyraldehyde” or as a "obutanal”. llusirative polymer butyraldehydes of the invention inciude those where the alkanal
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portion of the polymer is 2-mathylbutyraldehyds, 3-methyibuiyraldehyde, or 4-methyibutyraldehyde, 2-ethylbutyralde-
hyde, 3-ethylbutyraldehyde, or 4-ethylbutyraidehyde.

R g R' R' ©
! ! ! i i
POLY x ?a ?4 ?3 ?2 Cy—t
R? R2 /2 R? Structure

I-B.

{81281 Structure I-B is one where the value of 2' from structure |is 4. This structure, regardiess of whether any ona
or mare of C2, T3, C4, or C§ is substituted with an alkyl or other organic radical as described above, is referred io
herein as a "pertanal” or as a valmaldehyde" filustrative polymer pentanals of the invention include those where the
alkanal portion of the polymer is 2 fnethyipemandi ~-methyipentanal, 4-rethyipenianal, or S-methylpentanal. Addi-
tional polymer pentanals include those where the alkanal portion of the polymer is 2-ethyipentanal, 3-ethylpentanal,
4-gihyipentanal, or S-ethyipentanal.

R% Ri ﬁ% ﬁﬁ R?
| I ] i ! i
POLY wemmme Moo Loy oorme Dgoms Gy

B2 R?T R Be =2 Structure
1.

{81271 Shucture I-C is one where the value of 2’ in structure {is & This struciure, regardiess of whether any one or
more of $2, C3, C4, Ch or U6 is substituted with an alkyl or other organic radical as describad abova, is referred to
herein as a "hexanal”. ustrative polymer hexanals of the invention include those where the alkanal portion of the
polymer is 2-mathyihexanal, 3-methylhexanal, 4-methylhexanal, 5-methylhexanal, 8-methythexanal, 2-ethylpentanal,
3-ethyipentanal, 4-ethylpentanal, or S-athyipenianal.

{61281 Additional alkanal componenis of a polymer of the invention include heptanals, cctanals, nonanals, and the
like.

THE LINKER MOIETY

{81291 In tumning now 1o the linker moisty, a linker molety or simply "linker" of the invention is represanted generally
by the variabie, X', The linker molely is the porlion of the overall polymer that links the alkanal portion of the polymer
with the polymer segment (io be described in greater detail below}. A linker of the invention may be 3 singie atom,
such as an axygen or a sulfur, bwo atoms, or a nurnber of atorms. A linker is typisally but is not necessarily linear in
nature. The overall length of the linker will typically range between 1 to about 40 atoms, where by length is meant the
number of aloms in a single chain, not counting substituents. For instance, -CHy- counts as one alom with respent (o
overall linker length, - CH,CH-O- counts as 3 atorns in length. Preferably, a linker will have a length of about 1 to about
20 atoms, or from about 2 to about 15 atoms.
{81387  Adinker of the invention can be a single functional group such as an amide, an ester, a urethane, or a urea,
or may contain methyiana or other alkylene groups flanking either side of the single functional group. Alternatively, a
imkor may contain a combination of functional groups that can be the same or different. Additionally, a linker of the
invention can be an alkylene chain, optionally containing one or more oxygen or sulfur atoms {i.€., an ether or thioether).
?ref->' 2 linkers are those that are hydrolytically stable. When viewed in the context of structure {, a linker is one that
when considered as part of the overall polymer, does not result in an overall structure containing a peroxide bond {
G-0-) or an -N-O- or ~-0-N- bond.
{81311 Hlustrative linkers, X', are those corresponding to either of the following struciures:
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A{CHy ) -Bo-(CHy )
or

~(OHy)o-M-CIOKg-(CH, ).

2

”®

in referring to the linker siructures above, the variable "¢" ranges from zero to 8; "I} is O, NH, or §; the vanable "e" is
(0 or 1; the variable "f" ranges from zero to 8; the variable "p" ranges from zero to 8; "M" is -NH or O; "K" is NH or O;
tha variabie "q" ranges from zero o 8, and the variables "r" and "s" are each independantly 0 or 1.

{81321 In the context of structure §, a finker of the invention, X, may be any of the following: -0-, -NH-, -8-, -C{0}-, C
{O)}-NH, NH-C{O}-NH, O-C{Q}-NH, -C(S}-, -CHy-, -CH-CHy~, -CH5-CH,-CHy-, -CH-CH,-CH-CH,-, -0-CHy-, -CHp-
Q- -0-CH,-CHy-,  -CHy-0-CHy-,  -CH-CHY-0-, -0-CH,-CHy-CHy-, -CHA-G-CHy-CHy-, -CH,-CH-G-CH-,
-CHp-CH,-CH,-0-, -O-CH-CHo- CHZme- -OHa-0-CH-CHy-CHg-, -CHp-CHp-0-CH;-CH,-, -CH-CH CHMO ~CHo-,
~OHp-CH,-CHy-CHy-0-, -C{OFNH-CHo-, -C{O)NH-CH,-CHy-, -CHo-C{O)-NH- CHZ , -CHy-ChHy- \..-QQ) (0 )
-NH-CHp-CHA-CHp-,  -CH,-C{OF-NH-CH,-CHy-,  -CH,-CH,-C{O3-NH-CH,-, —CHAJ‘H,, -CH,- C(U) Nri-, -C{O)
-NH-CHo-CHa-CHy-CHy-, -CH-C{ORNH-CHy-CH,-CHy-, -CHp-CHa-C{O)-NH-CHo-CHy-, -OHp-CH-CHo-C{O)
-NH-CH,-, -CH,-CHy-CH,-C{O)-NH-CH,-CHo-, —\JHA—CHr, CH, -"‘H; L (0N H-, -L(O) -0-CH,-, -CH,-C{0)-0-CH,-,
-CHp-CH,-C(O)-0-CHy-, -C{O}-0-CHy-CHy-, -NH-C{O}-CH,-, -CH,-NH-C{O}-CH,-, -CHy-CHp-NH-C(O)}-CH,-, -NH-C
{O}-CH-CHy-, -CHp-NH-C(O)}-CH-CH,, -CH,-CH-NH-C{G)-C Hé -CHy, -C{OF-NH-CH,-, -C{O}-NH-CH,-CH,-, -G-C
{O}NH-CHy~, -O-C{O)-NH-CHy-CHg-, -NH-CH,-, -NH-CH,-CH,-, -CH-NH-CHy-, -CH-CH-NH-CH,~, -C{0)-CH,-, -C
{OFCH,-CH,-, -CH-C{O)-CHy-, ~CHo-CH,-C{OF-CHy-, -CH-CH,-C{O}-CH,-CH.-, ~CHy-CH,-C{O)-,
-CHp-CHo-CHo-C{O}-NH-CHy-CHo-NH-, ~CHy-CHo-CH-C{O)-NH-CH-CHo-NH-C(O)-, -CHy-CHL-CH,-C{O)
SNHGH-CH-NH-C{O-CHy-,  bivalent  oycloatkyl group, -N{RE-,  ~CHyCH-ClHy-C{ONH-CHy-CHp-NH-G(O)
-CHy-CHy-, —O—C(O)—NH—{CHz}h—(OCHchg)j-, and combinations of two or more of any of the foregoing, wherein (h}is
3106, (s 0 1o 20, R8is H or an organic radical selested from the group consisting of alkyi, substituted alkyl, alkenyl,
substituted alkenyl, alkynyl, substituted alkynyi, aryt and substituted aryl. Other specific linkers have the strustures: -C
{OINH-(CH) _gNH-C(O)-, or -NHC{OINH-{THo) ¢ NH-C{O}- or -OC(OINH-(CH 4 _gNH-C{O}-, where the subscript val-
ues following each methylene indicate the poeusbie msmber of methylenes contained in the linker structure, e.q.,
{CH,), g means that the linker may contain 1, 2, 3 . or & methylenes.

{04331 For purposes of the present disclosure, howe var, a saries of aloms is nol considerad as a linker molely when
the series of atoms is immediately adjacent to a polymer segment, POLY, and the series of atoms is but another
rmonomar such thal the progposed linker molety would represent a mare extension of the polymer chain. For example,
fe partial structure "POLY-X'-," where POLY in this instance is defined as "CHyO{CH,CH,O),-7, the linker molety
d not he "-CH,CH,0-" since such a definition would merely represent an extension of the polymer. That is not fo
say, however, that alinker of the invention cannot possess one or mora contigusus -CH,CHLO- portions. For example,
a linker may contain one or more {(-CH,CH,0-} subunits flanked on one or both sides by one or a combination of
ilusirative linkars as provided above.

{0134] That is to say, a linker as described above can also include an oligomer such as ~(CH;CH,O)- or
~{CHLCH, NH - where b and ¢ each independantly range from 1 o about 20. The applicants have found that the
inclusion uf sur‘h ni;gf\mom within the linker can lend stability to the ultimate polymer alkanal product by extending the
distance belwean the aldehyde functionalily and any reactive groups containad within the linker. In this way, intramo-
lecular inferactions are disfavored, leading lo increased vields during preparation and improved stability of the polymer
alkanal product. Freferably, the variables b and g range from about 1 to 10, or in cartain instances, range betwean
about 1 to 6. The synthesis of an illustrative polyrner alkanal having four contigucus ~(CH,CH,O)- units in the linker is
described in Exampie 5.

[@135] Additional examples of specific inkars containing {GHyGH,Olp- or - (T, CHyNH) - cligomeric segments are
shown below, whare X' includes or is defined by the following:

A CH, ) - - (CHy )P
or

~(CH,) M -CLOIK -{CH, )T~

18



20

285

30

40

55

EF 1 581 467 A1

[8138] In the illustralive structures above, P and T are each independently - (CH,CH,O) - or -{CHZCHQNH)Q, b and
g are each independentiy 1 o 20, and the remaining variables are as defined above. Examples of preferred linkers of
this  sort  are  -G-C{OFNB-HCH,CHYO)-,  -C{OWNB-{CH,CHYO)-,  -NH-C{OFNH-(CH,THYOY-,  -0-C{0)
~NH-(CH CHaNH ), -, -C{O}NH-{CHy CHy NH -, and -NH-C{O)-NH-{CHy CH NH) -

{01371 In certain inslances, for example, when POLY represents a linear polymer segmant, then preferably tha total
number of carbonyls present in the polymer alkanal is 0 or 2 or greater, where the iotal number of carbonyls does not
include the aldehyde carbonyl{s), Howsver, when the linker, X' includes ong or more contiguous (-CHCH,O-) seg-
menis, then preferabiy the total number of carbonyls present in the polymer alkanal is 0, or 1, or 2, or 3, or greaten
[0138] Referring back to structure 1, in another preferred embodiment of the invention, when X' is oxygen or includes
atteasi one (-CHCH,O-) segment, and 2 ranges from 210 12, then at least one of RT or R2in at lsast one ocourrence
is an organic radical as defined above or alternatively, the polymer is heterobifunctional. In such an instance whera
tha polymer i heterobifunctional, the polymer segment, POLY, preferably possesses a reactive group at one terminus
that is not hydroxy.

{01381 Preferably, the linker is hydrolylically stable, and may conlain one or more of the following functional groups:
amide, urethane, ether, thicether, or urea. However, hydrolytically degradabie linkages, such 3s carboxylaie esier,
phosphate aster, orthoesier, anhydride, imine, acelal, ketal, sligonuclectida, or paplide, may also be prasentin a linker
of the invention. Hetercalom linkers such as O or 3, are particularly preferrad, as are linkers containing oligomeric
~{CHHCHL Oy~ or - {CHLCH,NH), segments as described above.

THE POLYMER SEGMENT/POLYERS FOR PREPARING A POLYMER ALKANAL

{81407 As shown in the illustrative structures above, a polymer alkanal of the invention contains a water-soluble
polymer segment. Representative POLY's include poly{aikyiene giveols) such as polv{ethviena ghycol), poly{propylene
glycol} ("PEG", copolymers of ethylene glycol and propyiene giveol, poly{adlefinic aicohol), poly{vinyipyrrolidons), poly
{hydroxyalkylmethacrylamide), poly(hydroxyalkylmethacrylate), poly{saccharides), poly(o-hydroxy acid), poly{vinyt al-
cohol), polyphosphazene, polyaxazotine, poly{N-acrylovimorghaline). POLY can be a homopolymer, an alternating
copolymer, arandom copolymer, a biock copolymer, an aiternating tripolymer, a random tripotymer, or 3 block iripolymer
of any of the above. The water-soluble polymer segment is preferably, although not necessarily, & poly{ethylene glycol)
or "PEC” or a derivative thereof.

{6141] The polymar segment can have any of a number of different geornetries, for example, POLY can be linear,
branched, or forked. Most typically, POLY is linear or is branched, for example, having 2 palyrmer armas. Although much
>f the discussion herein is focused upon PEG as an illustrative POLY, the discussion and slructures presented harain
can be readily extended o encompass any of the water-soluble polymer segments described above.

{6142] Any water-scluble polymer having at least one reactive terminus can be used to prepare a polymer alkanal
in accordance with the invention and the invention is not limited in this regard. Although waler-soluble polymers bearing
only a single reactive terminus can be used, polymers bearing two, three, four, five, six, seven, eight, nine, ten, elaven,
twelve or more reactive tarmini suitable for conversion o a polymer alkanal as set forth herein can be used. Advanta-
geously, as the number of hydroxyl or other reactive mcieties on the water-polymer segment increases, the number
of available sites for introducing an atkanal group increases. Nonlimiting examples of the upper limit of the aumber of
hydroxyl and/or reactive moieties associated with the water-soluble polymer segment include 500, 100, 80, 40, 20,
and 10,

{81431 In turning now to the preferred POLY, PEG, "PEG" inciudes poly{ethylene glycol) in any of its lingar, branched
or multi-arm forms, including end-capped PEG, forked PEG, branched PEG, pendant PEG, and PEG containing ona
or more degradable linkage separating the monomer subunits, to be more fully described below.

{8144] Toprepare a polymer aikanal of the invention, one commoniy used PEQ starting material is free PEG, alinear
palymer terminated at each end with hydroxyl groups:

HO-GH, CH, O-(CH, CH, ), -CH, CH,-OH.

{81451 The above polymer, alpha-.omega-dihvdroxyipoly{ethviene glycol), can be represented in brief form as
HO-PEG-OH, and is also referred to herein as PEG-diol, where "-PEG-" in "HO-PEG-OH" corresponds to:

~CH,CHyO-{CH,CH, O), (-CH,CH,-

and (n) typisally ranges from about 3 {o about 4,000, or from aboul 3 to about 3,000, or more preferably from about
20 to about 1,000, In reference o structure {, POLY may for example, be a hydroxy-terminated PEG such as
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HO-CH,CH,O-{CHLCH, Oy, -CHLCH

{@14{33 Angather type of PEG Jsef\.i for nreparinq the polymer alkanals of the invention is end-cappad PEQG, whara
PEG is terminally capped with an inert end-capping group. Preferred end-capped PEGs are those having as an end-
capping moiety a group such as altkoxy, substituted atkoxy, atkenyloxy, substituied alkenyloxy, alkynyioxy, substituted
alkynyloxy, arvioxy, substituted aryloxy, Preferred are end-capping groups such as methoxy, sthoxy, and banzyloxy.
{81471 Referring now to structures | and -A through I-C, POLY, in certain embodiments, either is or comprises a poly
{ethylena glveol) corresponding to the structurs:

ar
"ZA{CH,CHy0),,-CH, CH,-",

where n ranges from about 3 to about 4000, or from about 10 to about 4000, and Z is or includes a functional group
such as hydroxy, aming, ester, carbonate, aldehvde, alkenyl, acrylate, methacrylate, acryiamida, sulfone, thiol, car-
boxylic acid, isccyanate, isothiocyanate, hydrazide, maleimide, vinyisulfone, dithiopyridine, vinylpyriding, iodoaceta-
mide, alkoxy, benzyloxy, silane, lipid, phospholipid, biotin, and fluorescein. Again, the POLY structuras shown imme-
diately above may represent linear polymer segments, or may form part of a branched or forked polymer segment. in
an instance where the polymer segment is branched, the POLY structures immeadiately above may, for axampie, cor-
respond to the polymer arms forming part of the overall POLY siructure. Allernalively, in an instance where POLY
possesses a forked structure, the above POLY structure may, for example, correspond to the linear portion of the
polyrner segment prior {0 the branch point.

{8148] POLY may alsc correspond to a branched PEG molecule having 2 arms, § arms, 4 arms, 5 arms, 6 arms, 7
arms, 8 arms or mora, Branched polymers usad o prepare the polvmer atkanals of -he invention may possass anywhere
from 2 to 300 or so readtive termini. Preferred are branched polymer segmenis having 2 or 3 polymer arms. An ilfus-
frative branched POLY, as described in U.S. Patent No. 5,932,482, corresponds to the struciura:

PEG P
E

R (oo
*
PEG-Q

{61497 In this representation, R" is a nonreactive moiety, such as H, methyl or a PEG, and P and Q are nonreactive

linkages. In a praferred embodiment, the branched PEG polymer segment is methoxy poly{ethyiene glycol) disubsii-

tuted lysine.

[0158] In the above particular branched configuration, the branched polymer segment possesses a single reactive

site extending from the "C” branch point for positioning of the reactive alkanal group via a linker. Branched PEGs such

as thase for use in the present invention will typically have fewer than 4 PEG arms, and more preferably, will have 2
3 PEG arms. Such branched PEGs offer the advaniage of having a single reactive site, coupled with a larger, more

dense polymer cloud than their linear PEG counterparis.

[0151] One particular type of branched PEG alkanal corresponds to the sructure: (MeO-PEG-}G-X-alkanal, where

i equais 2 or 3, and G is a lysine or other suitable amino acid residue.

{81521 Anillustrative branched polymer alkanal of the invention has the structure shown below:
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QO

|

APEG, = O e WNH

E

(CHz),

. H
Ll oo o i a2l

L

FPEGy Qe G NH

|
Q Structure V-A.

{0183] In this instance, the linker corresponds to C(O)NH, optionally containing an oligomeric «{CH,CH; O~ or
-(CHZCHZNH}Q— segment positioned between the amide nitrogen and the atkanal portion of the polyrmer as shown in
Structure V-B below. Exemplary cligomeric segments will possess b or g values ranging from about 1 to about 40, or
from about 1 to aboul 30, Preferably b or g possess values of around 20 or less. Preferably, b or g will have one of the
following values: 2, 3,4, 5, 8,7, 8, 9, 10, or greater. In a particularly preferred embodiment, b or g ranges from 2 1 8,
and mPEG, and mFEG, are the same or ara different.

G

P EG, e Opmmee (oo NH

{CHs),
H
oo N me{ CHL CH, O ~alkanal

E

MPEGy o (e Cmne NH 3
0

Structure V-B.

{81541 Ceriain embodiments are preferred for polymer alkanals having a branched structure. For example, in one
particular embodiment, for example when POLY in Structure | is branched, then atieast one of R or R?in at least one
coourrence is an organic radical as defined above. In altemative preferrad embodiment, for example, when POLY in
Structure | is branched, then X' includes «{CH,CH,O),- where b is from 1 to shout 20, in the instance where POLY
somprises a lysine residue. On occasions when POLY has 2 polyraar arms, it is praferable that neither polymar amn
comprises oxygen as the only heteroaton in the instance where POLY comprises "C-H" as a branch point.

{81551 Branched PEGs for use in preparing a polymer alkanal of the invention addilionally include those rapresented
more generally by the formula G{PEG),,, where G is a centrad or core molecuie from which exiends 2 or more PEG
arms. The variable n represents the number of PEG arms, where gach of the polymer arms can independently be and-
capped or alternatively, possess a reactive functional group at its terminus, such as an alkanal or other reactive func-
tional group. Branched PEGs such as those represented generally by the formula, G{PEG),,, above possess 2 polymer
arms to about 300 polyrnar arme (i.6., n ranges from 2 to aboul 300). Branched PEGs such as thesa greferably possess
from 2 1o about 25 polymer arms, more preferably from 2 to about 20 polymer arms, and even more preferably from 2
o about 15 polymer arms or fewer, Most preferced are multi-armed polymers having 3, 4, 5, 6, 7 or 8 arms,

{81581 Preferred core molecules in branched PEGs as described above are polyols. Such polyols inciude aliphatic
polyols having from 1 to 10 carbon atoms and from 1 1o 10 hydroxyl groups, including athylene glveol, alkane diols,
alkyl glveals, alkylidens alkyl dicis, alkyl cycloatkane diols, 1,5-decalindial, 4,8-bis{hydroxymethyiltricyclodecane, cy-
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cloalkylidens diols, dihvdroxvalkanes, trihydroxyalkanes, and the like, Cycloaliphatic polyols may alsc be employed,
including straight chained or closed-ring sugars and sugar alcohols, such as mannitol, sorbitol, inasitol, xylitol, quebr-
achitol, threitol, arakiiol, erythritol, adoniiol, dulcitol, facose, ribose, arabinose, xylose, lyxose, rhamnose, galacioss,
glucose, fructose, sorbose, mannose, pyranose, allrose, talose, tagitose, pyranosides, sucrose, lactose, maitose, and
the like. Additional aliphatic polyals include denvatives of glyceraldehyde, glucose, ribosae, mannose, galactose, and
related sterscisomers. Other core polyols that may be used include crown ether, cyclodexiring, dextrins and other
carbonvdrates such as starches and amylose. Preferred polvols inciude givesrol, pentaeryihiital, sorgilol, and trimath-
yiolpropana.

[8157] Multi-armed PEGs for use in praparing a polymer alkanal of the invention include multi-arm PEGs available
from Nekiar, Hunisville, Alabama. In a preferred embodiment, a multi-armed polymer alkanal of the invention corre-
sponds to the following, where the specifics of the alkanal portion of the molecule are grovided elsewhere hersin,

alkanal alkanat alkanal

PEG PEG PEG

|

alkanal-PEG-0-CHy-CH-CH,-0-{CH,CHCH,-0-),-CH,-CH-CH,-O-PEG-alkanal

n=tod -
Structufe XA

[0158] Alternatively, the polymer alkanal may possess an overall forked structure. An example of a forked PEG
coresponds o the structure: PEG-Y-CH-(X-{C(RT(RE,-CHO),, where PEG is any of the forms of PEG descrived
herein, Y is 3 linking group, preferably a hydrolytically stable linkage, and the other variables corresponding to the
linker and the alkanal portion are as defined above,

{8158] Additional illustrative forked PEG alkanals derivatives correspond to the following:

PEG-Q-CH-{CH,) -Xq -C(0)-Y-V-alkanall, Structure XHI-B.

1

where PEG is any of the forms of PEG described herein. Q is a hydroivtically stable linkage, such as oxygen,

sulfur, or -C{O-NH-; m ranges from 110 10, (thal ie, mcan equal 1, 2, 3,4, 5,8, 7, 8, 8, or 10} bul is praferably m is

1, 2, 3, or 4; Xis an oplionzal atom, and when present, is O or N; Y is NH or O; and V is an optional oligomeric segment
.

such as ~(CH,CH,O)p- or {CHZCH2NH} - 8s described praviously. An exemplary branched PEG correspending to
"PEG" in the above formula is mPEG disubstituted lysine, where "PEG” corresponds to:

O

|

mPEG, = O - NH

{(CHa )y
i

FPEGy e G e N

O
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{01681 Alternatively, the PEG polymer segment for use in preparing a polymer alkanal of the invention may be a PEG
moiecule having pendant reactive groups along the length of the PEG chain rather than at the end(s), to yield a polymer
alkanal having one or more pendant alkanal groups attached to the PEG chain by a linker, X'

{#181] Further, the polymer segment may possess one or more weak or degradable linkages, such as ester linkages
thal are subiect lo hydroiysis. Gther hydrolytically degradable linkages that may ke contained in POLY include carbon-
ate, imine, phosphate ester, and hydrazone.

{1821 Generally, the nominal average molecular mass of the waler-soluble polyrmer segmaent, POLY will vary, The
nominal average molecular mass of POLY typically falls in one or more of the foliowing ranges: about 100 daltons o
about 100,000 daltons; from about 500 daltons to about 80,000 daitons; from about 1,000 daltons to about 50,000
dalions; from about 2,000 daltons {o about 25,000 daltons; frorm about 5,000 daitons to about 20,000 daltons, Exemplary
nominal average molecular masses for the water-soluble polymer segment POLY include sbout 1,000 daitons, about
5,000 daitons, about 103,000 dallons, about 15,000 daltons, about 20,000 daltons, about 25,000 dalions, about 30,000
daltons, and about 40,000 daltons. Low molecular weight POLYs possess molecular masses of about 250, 500, 750,
1000, 2000, or 5000 dallons.

REPRESENTATIVE POLYMER ALKANALS

[0183] Following the genaral description above, the following are some illustrative structures demonstating preferrad
polymer alkanals in accordance with the invention.

{8164] For axample, the polymer alkanal of the invention, whan linear, may possess a homaobifunctional or heterob-
functional structure according fo structure H below, A hornobifunctional strusture according o the sirusture below is
one where both termini are the same.

o] q? ati o
i i : i i
b ? e POLY oo X ? G
z | &
R . R,

Structure 11,

[3168] Preferred vaiues for X' and -CRIR2- are as set forth above. Particularly preferred structures in aceordance
with siructure H are those in which POLY is poly{ethviena glycol), and X' is -O-C{O)}-NH-, -C{O}-NH-, -NH-C{O)-NH-,
~O-C{OFNH-{CHCHO), -, -C{O-NH-{CH,CHLO},-, or -NH-C(Q}-NH-(CH,CH,0)-, and z' ranges from 2 to about
12, and is more praferably 2, 3, 4, 5, or §. More specifically, representative polymer alkanals of the invention include
the following:

O g O
) ] ! i
Pﬁam(‘{:i{?_}a C"NH “‘“(CHECHEO)b G C"““’H
L
2'

Structure HI-A
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Q T g
]
PEG —(CHy), ~—C-NH ~—{CHyCHaNH), —C €~
R?
z ,
Structure [V-A
'] O

A
il i

PEG—(CHyly HN = C-NH —(CHaCH,O), ? Ctd
A

3
47
Structure HI-C
ﬁ‘i
cH i i i
PEG—~(CHzle HN—C~NH —(CHCHaNH) g G Gt
|
ﬁﬁ
zo
i Struciure [V-C,

wherein PEG is poly{ethyiene glycol), b and g are each independently 0 to 20, a is  to 6, and the remaining
variables are as defined previously. Preferred are struciures in which b and g range from 1 to 8 or alternatively rangs
from 1 1o about 6. Although 2’ ranges from 1 to about 21, preferred are structures in which z' ranges from 210 8, 2.g.,
is3ord.
{81681 Structural representations of two polymer alkanals where the variable "a" (as shown in the siructures imme-
diately above) is zero are provided below.

I i il
PEG —C~NH —(CHaCHO, G hreoen G e
L
-

Siructure JH-B.

or
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Q B0
f | H
PEG ~—C~NH —{CH,CHNH} g~ © ]
|
HZ

Struciure [V-B.

{3187] Anillustrative polymer butanal possesses the siructure:

1

it

PEG —C-NH “(CHECHQQ}D C.% ?3 ?g Cg“‘“ﬁ
H H

Structure -0,

{0168] Particularly preferred PEGs corresponding fo Structure Hi-D above include Z-(CH,CH,0), - or

o
i

(CH,),

|

#
Z°(CH2CHQQ>NC““NHMC}{ i

{81691 Addilional branched siructures in accordance with the invention are as follows, where b is typically 0o 20, s

is typically 0 to 6, and dis 1, 2 or 3,

o =¥ 0
i | i
PEGH(CHy )y C -NH —{CH,CHL Oy ? bl
=3

Structure VLA
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0 R
PEG-T~{CHglg ~NH-C—NH —{(CH,CHOY +C 40 ~H
3
RZ

Structure Vi-B

[B170]  In Structuras Vi-A and B above, PEG can be linsar or branched. Preferably, B! and R? in each coourrenos
are H, and z' ranges from 3 to 12, and is even more preferably 3, 4, §, or 6. As one exampie, a polymer in accordance
with Structure Vi-B is one whara

PEG corresponds to the structure:

¢
BoH P
ZACHOH O C —N-CH 7

where Z is an end-capping or functional group as described previousiy.
{81711 Ancther illustrative polymar alkanal of the invention possesses the structure shown below:

- NH“CHE"'CHZ"‘“O"{-CHZ"CHZMG%CHZ‘CHIHCHENCH
g @ !

cmogcr;z»cm—o}cm«-cnrcn:-—c«mw
n

e
o~ NH‘"CH}"CHZMO%CH}"CHZ“‘"O%‘CHZ“CHZ"CHZ‘“CH
3

O

Structure XIV

[8172] Inthe above embodiment, the polymer alkanal also has a forked structure and is suitable for covalent attach-
ment {o two biologically active agenis. The above structure contains, in the portions extending from the -CH-branch
point, a linker containing oligomeric <{CH,CH,O)- segments, where the number of such segments in each portion is
3. The nuraber of such oligomeric segments in the above structure can be varied in accordance with the generalized
description provided above.

{04731 Further exeraplary polymer alkanal strucluras include the following, where the variables have besn praviously
defined:

|
POLY X CES
H

Structure VI
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Struciure VIi-A
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Structure VIIL

{8174] Preferably, any one of the above structures is provided as a composition having one or more of the unigue
somposition faalures described in greater detail below,

izl

EATURES OF THE POLYMER ALKANAL COMPOSITIONS FORMED AND METHODS OF PREPARATION

[8175] The polymer alkanals of the invention possess several advantages over previously prepared polymer alde-
hydeas. First, the polymer alkanals are preparad in very high vields, in part due to the simplicity of the synthetic approach
empioyed, particularly for the alkanals having oxygen as the linker moiety. Moreover, in examining the stability of the
butanals of the invantion, it was discovered that these iypes of alkanals are rmora stable at basic pHs than prior known
polymer aldehyde derivatives (e.q., propionaldehvdes, acetaldehydes), and are formed without significant or even
detactabie amounts of retro-Michaet type reaction side products. For instancs, as demonsirated in Exampia 3, under
basic conditions, mPEG propionaldehyde undergoes a refro-Michael! type reaction, producing mPEG-0OH and the elim-
ination product, acrolein, in significant quantities {(after 24 hours at room temperature and pH 8, nearly 40% of the
PEG-propionaldehyde had decoraposed). In contrast, mPEG bulyraldehvde is significantly rmore stable under basic
conditions, demonsirating essentially no decompasition of this sort under the conditions employad.

{04781 Further, the bulanal polymar derivative of the invention reaches equilibriur in waler with Hs corresponding
hydrate at about 50% hydrate, far lower than the 70% hydrate equilibrium exhibited by propionaldehyde and the 100%
hivdrate exhibited by acelaldehyde, Tha lower reactivily of the polymer dedvalives of the invention is also evidenced
by the markedily greater stability of the derivatives of the invention under basic conditions (see Exampile 3 below). No
acrolein byproduct is observed during conjugation reactions batwaen the aldehyde derivativaes of the invention and
proteins or other molecutes at basic pH. The lower reactivity of the aidehyde derivatives of the invention suggests that
tha derivatives of the invention are more selective, maaning the inventive derivatives are capable of reacting with
greater selectivity or specificity with specific amino groups, parlicularly N-terminal amino groups, on proteins or pep-
tides, as opposed to non-selective or random reaction with any number of aminoc groups on a protein or peptide mol-
ecula, In many applications, selectiva N-terminal attachiment of the polymer backbone is preferred to belter preserve
protein conformation and biological activity.

1771  Moreovar, the polymer altkanals of the invention are formed from the corresponding acetal pracursors by
hydrolvsis under mild acidic conditionsg, i.e., under much less harsh acidic conditions than required for either PEG
acetaldehyde or PEG propionaldehyde. If desired, such mild conditions allow direct in sity conjugation of the polymer
derivalives of the invention with proteins, peptides, or other motecular targeis without requiring an intervening isolation
step. Further, due to the synthetic approaches employed, the polymer alkanals of the invention ara also provided in
high purity, ofien absent lodine-containing species or that can promote decomposition of the polymer sagment.
{81781 Due o the mildness of the synthetic approach emploved, and further due to the stable nature of the stuctures
providad herein, tha polymer alkanals of the invention are additionally provided as compositions that are essentially
absent retro-Michaet type reaction products. Thus, the polymer alkanal compositions provided herein are particularly
storage siable, exhibiting very limited amounts if any of polymer decomgposition. As an examiple, based on stabilily
data collected over time, the palymer atkanals of the invention were found {0 exhibit less than about 10% degradation
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of the polymer aldehyde group when siored al 40°C for 15 days. This percent degradation was determined by NMR
analysis. Additionally, provided are lingar mPEG polymer alkanals of the invention that are substantially free of the
corresponding PEG-diatkanal {.e., a homobifunclional PEG impurity arising front the presence of an amount of PEG-
diol in the mPEG-OH raw material).
{04781 In turming now more speaifically 1o the method for making a polymer atkanal of the invention, a polyrar atkanal
is generally prepared by reacting a water soluble polymer having at least one reactive group, Y, with a protecied alkanal
reagent coriaining a reactive group, K, suitable for displacemeant by or alternativaly, reaction with Y, under conditions
effeclive to form a waler soluble polyrer adkanal in protected form. Generally, a protected alkanal reagent will possess
from about 2 to about 20 carbon atoms. The water soluble polymer al Kanai in protected form thus formed is then
typicaily hydrolyzed, for exampie, under acidic conditions to form the desired waler scluble polymer alkanal.
{81807 Typically, the coupling reaction {i.e., the coupling of the reactive polymer and the protected alkanal reagent)
is carried out in an organic solvent such as taluene, chloroform, methylene chioride, acelonitrile, acetone, dioxane,
methanol, and ethanol. The reaction is preferably carried out under an inert atmosphere, at ternperatures ranging from
akiout 20°C o about 150°C. Hydrolysis to form the desired alkanal is typically acid-promoted, and is conducted at pHs
below 7.0, with preferred pHs ranging from about 3 to about 6.5. Hydrolysis can be carried out at & pH of about 3, 4,
5, or 8, with lower pHs around 3 being preferrad.
{81811 Delailed examples of the synthetic appoach outlined above are provided in Examples 1, 2, 5, and 17.
[0182] Mosttypically, the coupling of the polymer segment {0 the protected alkanal reagent proceeds via a Willlamson
ethar synthesis. More spedifically, the reactive group Y of the polymer is hydroxyl (which in the presence of a sirong
base is converted to its corresponding anionic or alkoxy form), and the reactive group K on the protected alkanal
reagent acelal is a good leaving groug, such as a halide {praferably Ci- or Be-} or methyl sulfale (a sulfonaia ester),
that can be readily displaced by the oxygen anion positioned at the polymer terminus. The resulting preferred linkage
is an ether linkage (O~} connecting POLY (o the alkanal.
{81831 Following attachmeant to POLY, the protected alkanal is hydrolyzed at an acidic pH to form the corresponding
aldehyde or alkanal functional group. As noted above, the alkanal acatals such as butanal acetal are hydrolyzed under
rilder conditions than the corresponding propanal or ethanal acetals. For example, when 2’ is 3 or greater, an alkanal
acetal of the invention can be hydrolyzed at a pH of about 3 or 4 or higher, particularly when R and R? in all instances
are H. As noted in Exampies 2 and 4, the butanal acetal group described therein is hydrolyzed in about 3 hours at a
pH of 3. The ability to form this alkanal functional group under mild acidic conditions is advantageous since it enables
the in siu use of the aldehyde-funclionalized polymer for conjugation 1o a protein or other biciogically active moleculs
following neutralization of the solution containing the polymer alkanal o a suitable pH for conjugation {typically & pH
of about 5 o aboul 10). In contrast, linear polymar propionaldehydes require isclation prior {0 conjugation dua to the
quantily of base required o neutralize the low pH solution and the correspondingly greater amount of salts generaled
during such a neutralization step.
{1184] In the method employed, the protected alkanal reagent is typically an acetal such as dimethy! acetal, disthyt
acetal, di-isopropyl acetal, dibanzyl acetal, 2,2,2-trichloroethyl acetal, bis(2-nitrohenzyl) acetal, 5,8 -dimathyi acetal,
and 8,8 -diethyl acatal, Ait@maﬁveiy, the acetal may be a cyclic asetal or a cyalic thicacetal.
{61851 More specifically, the protected atkanal will usually possess a structure as follows:

- woR?
!
ot Gt Cr=—=3yOR 4
] |
JH
KA

Structure XI1-D.

in this structure, 2’ is aninteger from 1 to about 21. As for the polymer aldehydes provided above, R1, in each occurrence,
is indepandently H or an organic radisal seleclad from the group consisting of alkyl, substituted alkyl, alkenyi, substituted
alkenyl, alkynyi, substituted alkynyl, aryl, and substituted aryl; and ®2, in each ocourrence, is independently H or an
organic radical selected from the group consisting of alkyl, substituted alkyl, aikenyl, substituted alkenyi, alkyriyl, sub-
stituted alkynyl, aryil, and substituted aryl. W2 and WP are each independently O or §, and R3 and R? are each inde-
pendently H or an organic radical selected from the group consisting of mathyi, ethyi, isopropyl, benzyl, 1,1,1-trichoroe-
thyl, and nitrobenzyl, or whern taken together, are -{CHy)y- o -{CHy)4-, forming a 5 or § memibered ring when considered
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iogether with We, Cy, and Wb,
{8188] Preferably, K is one of the following reactive groups:

/ A i ? :*? %}
Ci, Bf’, CHS %"3;"‘““ . CH;{“““’%M CFg““‘“"ﬁm ’C?gCHf"’“’%W
= O o e}

in this method, the polymer alkanal in protectad form is typically formed in grealer than aboul 85% vield, and aven
more preferably in greater than about 80 to 95% yield.

{04871 Fdllowing hydrolysis {0 oblain the desired aldebyde-functionalized polymer, the product may ke isolated if
desired by neutralizing the reaction mixture, €.q., raising the pH to from about 8.0 to about 7.5, followed by extraction
of the polymer alkanal into an organic sclvani, and removing the sclvent, e.q., by rotary evaporation, lyophilization, or
distillation.

[8188] Due o the simplicity of this approach that uses neither direct oxidative methods nor indine-containing species
io provide the desired aldehyde funciion, the products thus formed are highly pure, demonsirale enhanced storage
stability in comparision to other known polymer aldehydes, and possess low polydispersity values {less than about 1.5,
preferably less than about 1.2, and tygically polvdispersities less than about 1.1, 1.08, 1.05, 1.04, and 1.3). Polymers
having polydispersities as fow as 1.03, 1.02 and 1.01 have been thus prepared.

{04881 An isolated polymer alkanal of the invention will preferably have a purity of at ieast about 95%, basad upon
polymeric contaminants.

{81801 Examples 1 and 2 illustrate the formation of mPEG polymer alkanals. In instances in which the polymer starting
material is PEG-diol, one of the PEG hydroxyl groups is generally protected prior 1o reaction with the protected alkanat
reagent, followed by deprotection subsequent to coupling. All illustrative polymer protected alkanal thus formed is
shown by Siructure Xi-E below.

$ Qﬁii

|
HO ~ {CHoCHLON, ? gw ont
RE

[

Z Structure XI-E.

{81811  The hydroxy lerminus of the PEG can then, if desirad, be converiad to a functional group to provide either a
homobifunctional or a heterabifunctional protected alkanal. Suitable functional groups include amino, ester, carhonate,
aldehyde, alkenyi, acryiate, mathacrylate, acrylamide, sulfone, thiol, carboxylic acid, isocyanate, hydrazide, isothiooy-
anate, maleimide, vinylsulfone, dithiopyridine, vinvipyridine, iodoacetamide, and silane. Preferred are funclional groups
such as N-hydroxysuccinimidy! ester, benzotriazolyl carbonate, amine, vinylsulfone, and maleimide, N-succinimidyi
carbonate, hvdrazide, succinimidyl progpionate, succinimidyl butancate, succinimidyt succinate, succinimidy! ester, gly-
cidyl ether, oxycarbonviimidazole, p-nitropheny! carbonate, aidehyde, orthopyridyl-disuifide, and acrviol.

{04821 Other reprasentative alkanal reagenis are described by the struciures:

R‘i WaRS
!
oo {CH CHANS o CE---\,VEJRQ
Ll
s H

Structure XI-F
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at]  WR
. E §
e (CHaCHOly Gt Gy WOR
b
» H Structure XI-G.

{81931 In vel another approach, a polymer alkanal of the invention is advantageously prepared from a chromato-
graphicaily purified POLY-Y. In this way, polymer impurities, if gresent, and in particular difunctional impurities arising
from PEG-diol, are removed to enable formation of an exiremely pure polymer aikanal product as previously described.
This approach is exemplified in Example 5. A summary of the overall synthetic approach employed, its advantages,
ite applicability to the general meathods described herein, as well as specific details of the reaclions carried out is
provided in Example 5.

{81841 Although any chromatographic separation method may used, parlicularly preferred is ion-exchange chroma-
tography, where the Y in POLY-Y is an ionizable group or is a derivative of an ionizable group such as a carboxylic
acid, active aster, aming or the like.

{8195] liustrative polymer alkanal acetais of the invention may possess any of the following siructures, where the
variabies have been pravicusly described:

g ‘»;iagi‘
i
POLY e Xt oo Cr—woeR?
L
« H Structure IX.
or
3
? WIR
POLY moree X e £ Cy—whR?
b
Wiy H Staucture IX-A

[0186] In yet anocther approach for praparing a polymer atkanal of the invention, a polymer alkanal can be praparad
by bhuilding the polymer segment, POLY, directly onto an acetal precursor, e.g., by direct polymerization. More specif-
ically, in this miethod, an acetal precursor having at least one active anionic site suitabie for inltialing polymaerization is
first provided. The anionic site of the acetal precursor is then contacted with & reactive monomer capable of polymer-
izing, to thereby initiate polymerization of the reactive monomer onto the acetal precursor. As a resuit of the contacting
step, additional reaclive monomers are added o the acelal precursor to form a polymer chain. The conlacting is allowed
to continue until a desirad length of the polymer chain is reachad, followad by terminating the reaction to achieve a
polymar aldehyde precursor of the invantion,

{81971 The resulting polymer aldehyde precursor can be further hydrolyzed to the corresponding alkanal as set forth
akiove, if desired. Most preferably, the reactive monomer is ethylene oxide and the reactive anionic sita contained within
the acetal precursor is an atkoxide anion (O-), preferably accompanied by an alkali metal or other suitable counterion.
The alkoxide end group present in the acetal precursor is active for anionic ring opening polymerization of ethviena
cxide to farm a polymer alkanal of the invention.
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{0188] More particularly, the acetal precursor will generally possess a siructure corresponding to:

Ri WaR3
{
X ? C—whR?
2 ]
R»
; H

where the variables possess the values describad above, with the exception that X' terminates in an oxygen anion, or
O {e.g., inils neutral form, X' typically tarminatas in a hydroxyl group or -OH, that in the presence of a strong base, is
converted 1o the corresponding alkoxide sait). Suitable counterions include Nat K*, Li*, and Cs*. The terminating step
genarally comprises neutralizing the reaction, 2.4., by addition of acid. Qptionally, the polymer segment may ba cappad
by addition of an alkylating reagent or other reagent suitable for providing a non-reactive terminus.

{3188  In one particular embodiment of the above method, POLY-Y corresponds to the structure Z-(CH,CHL0)H,
wherain n is from aboul 10 to about 4000, and Z is selectad from the group consisting of -GCH,, -OCH,CH,, and
-OCH(CgHs). In a further embodiment, POLY-Y corresponds to the structure Z-{CH,CH,0),CH,CH,O- M7, where
POLY-Y is preparad by anionic ring-opening polymerization of ethylene oxide onto an end-capped alcoholate sait such
as Z-CH,CH,O-M*, prepared by metallation of the terminal -OH group of Z-CH,CH,0H with a strong base. M* repre-
sents a matal counterion such as Ma*, K¥, Lit, Cs*, Rb™, POLY-Y thus prepared is then suitable for reaclion with a
protected alkanal reagent as described above.

[0208] A generalized scheme outlining this approach is provided herein as FIG. 1, and tha conditions for carrving
out such a reaction or series of reactions are provided in Example 15.

STORAGE OF POLYMER ALKANAL REAGENTS

{82011 Preferably, the polymer alkanals of the invention are slored under an inert atmosphere, such as under argon
or under nitrogen, since the aldehyde functionality can react with atmospheric oxygen to produce the corresponding
carpoxylic acid. Due to the potential for reaction of the aldehyde portion of the malacule with water (e.q., by exposura
to moisture o form the corresponding hydrate), it is alsc preferable to minimize exposure of the polymer alkanals of
the inveniion {0 moistura, Thus, preferred storage conditions are under dry argon or ancther dry inert gas at ternper-
atures below about ~15 °C. Blorage under low femperature conditions reduces the raie of hydrolysis of the polymer
aldehyde to the corresponding hydrate form. Additionally, in instances where the polymar segment of the polymer
alkanal is PEG, the PEG portion of the alkanal can react slowly with oxygen to form peroxides along the PEG portion
of the molecula. Formation of percxides can ulimately lead to chain cleavage, thus increasing the polydispersity of
the PEG alkanal reagent. In view of the above, it is additionally preferred {o slore the PEG alkanals of the invention in
the dark.

BICGLOGICALLY ACTIVE CONJUGATES
COUPLING CHEMISTRY CONJUGATION TO PROTEINS - RANDOM AND N-TERMINAL SELECTIVE

{82821 The above-described polymer alkanals are usefil for conjugation 1o biologically aclive agents or surfaces
bearing at least one amino group available for reaction. Typically, a PEG aldehyde of the invention is coupled to an
arnino group by reductive arination, resulling in formation of a secondary amine linkage between the polymer segment
and the surface or biclogically active agent. In conjugating a polymer alkanal of the invention with an aminoc-bearing
biclogically active agent or surface, the polymer alkanal is reacted with the target amine-bearing molecule in a suilable
solvent to form the corresponding imine-linked intermediate, which is then reduced to form & secondary amine linkage
between the polymer and the biologically active agent or surface. Reduction of the imine {o the corresponding amine
is accornplished by addilion of a reducing agent. Exemplary reducing agents include sodium cvanoborohydride, sodium
borshydride, lithium aluminum hydride, and the like.

{82831  Generally, the polymer aldehydes of the invention can be used 1o selectivaly targel the modification of the N-
terminus under conditions that differentiate the reactivity of the alpha amine at the N-terminal amino acid. Certain
polymer altkanals of the invention appear o demonstrate a grealer selaclivity than previously known aldehyde deriva-
tives and, thus, are more suitable for applications where selective N-terminus protein modification is desired. Reaction
conditions for preparing an N-terminally modified protein or peptide include (i) dissolving the protain or paptide to ba
ed in a non-amine-~containing buffer {e.g., at & pH range from akoul 4 to about 8.5, praferably from about 5 io
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8.5, most preferably at a pH of about 5 to 5.8}, (i) adding to the protein or peptide solution a palyrer alkanal of the
invarttion, {iii) allowing the protein or peptide and polymer alikanal to react to form the imine-coupled polymer conjugate,
follwed by (iv) addition of a reducing agent to form the corresponding secondary amine coupled polymer conjugate.
Reaction conditions for random attachment of a polymer alkanal are essentially identical io those described above,
with the exception thal the pH is somewhat higher {fo be discussed in graater datail balow).

{62041 To favor N-terminus modification, a pH of about 5 to 8.5 is most preferred since it is believed to facilitate
selactive N-terminus modification due (o differences in the pka value of the amino group of an N-erminal amino acid
and the amino group of lysines. Generally speaking, conditions favoring N-terminal selectivity inciude pHs below 7,
and typically not lower than about 4. The most favorable pH for promoting N-terminal selectivity can be determined by
one skilled in the art, and will depend upon the particular protein 1o be modified. Suitable buffers for conducling con-
jugation inciude sodium phosphate, sodiun acetate, sodium carbonate, and phosphate buffered saline (FBS). Typically,
the polymer atkanal is added o the proiein-containing salution at an equimolar amount or at a molar excess relative
to target protein. The polymer alkanal is added {o the target protein at a molar ratio of about 1:1 {polymer alkanal:
profeiny, 1.5:1, 2:1, 3:1, 4:1, 5:1, 6:1, 81, or 1001, Molar excessas of PEG-alkanal ralalive {o target protein are typically
in the range of about 2 {0 5. The reductive amination reaction is typically carried out at temperatures at or below about
room temperature (25°C), aithough temperatures may rangs from about -15° € to about 100° §, mora preferably from
about 4° C to 37° C, for approximately one (o twenty four hours. The reducing agent is aiso typically added in excess,
that is to say, in amounts ranging from about a 2-fold to a 30-fold molar excess relative 1o polymer-protein conjugate.
Preferred is fo add the reducing agent in a 10-fold to 20-fold molar excess relative to polymer-protein conjugate. The
exact reaction time is determined by monitoring the progress of the reaction over time. Progress of the reaction is
typically monitorad by withdrawing aliquots from the raaction rixture at various time points and analyzing the reaction
mixture by SDS-PAGE or MALDI-TOF mass spectromelry or any other suilable analytical method. The resulting pegyiat-
ed conjugates are further characterized using analytical methods such as MALDI, cagiliary electrophoresis, gel elec-
trophoresis, andfor chromatography.

{82051 More specifically, to couple an aidehvde polymer derivative to a protein or paptide, a number of different
approachas may be emploved. One appreach (i.e., a random pegylalion approach) is o covalently attach PEG to any
npumber of lysine residues that are surface accassible. To conduct such a reaction, a protein or peptide {(such as those
exemplary biomalecules provided below) is typically reacted with a polymer alkanal of the invention in a non amine-
containing buffer at mild pHs generally ranging from about § to 8. (Non-amine containing buffers are preferred since
tha aminc-groups in the buffer can cormpele with protein amino groups for cougling o the polymear alkanal). A suilable
non-aming containing butfer is selected having an appropriate pK for the desired pH range for conducting the conju-
gation shernistry. The soupling reaction generally lakes anywhere frorm minuias {o saveral hours {(8.9., from 5 minutes
io 24 hours or more), and on average, coupling is achieved bebween about 0.2 and 4 hours {o form the imine-coupled
conjugate. To the reaction mixture is then added any one of a number of suitable reducing agents as described abova
{e.g., sodium cyanoborohydride). The resulling mixture is then generally allowed {o react under low 1o ambient tern-
perature conditions, 2.g., 4° C to 37° C for about one hour {o 48 hrs. Preferably, the reduction reaction is complate in
fese than about 24 hours. Random coupling is Tavorad at pHs around 7 10 7.5 or so, while coupling at the N-erminal
is favored at low pHs (e.g., around 5.5 or 50).

{82881 Toincresse the degree of modification, that is, o promote an incraase in the nurber of PEGs that are cov-
alently attached at available sites on the target molecule, any one or more of the above described conditions {e.g.,
moiar ratic of polymer alkanal to protein or peptide, temperatura, reaction time, pH, eic.) can be increasad, sither
independently or simultaneously. Regardiess of the molecular waight of the PEG alkanal employed, the resuiting prod-
uct mixiure is praferably but not necessarily purified o separate out excess reagentis, unpegylated protein {or any
target molecule), multi-pegyiated conjugales, and free or unreacied PEG alkanal.

{82077 The random pegyiation of illustrative proteins is provided in Examples 4 and 8. Site selective pegyiation of
illustrative proteins is describad in Examples 7 {0 13,

CHARACTERIZATION/OPTIONAL SEPARATION OF PEG-MERS

[0208] Optionally, conjugates produced by reacting a PEQG aldehyde of the invention with a biologically active agent
are purifiad io obtainfisolate different PEGylated species. Alternatively, and more preferably for lower molecular weighi
PEGs, e.g., having molecular weights less than about 20 kilodaltons, preferably less than or equal to about 10 kilodal-
tons, the product mixiure can be purified 1o obtain a distribution around a certain number of PEGs par protein molecule.
For example, the product mixture can be purified to obtain an average of anywhere from one to five PEGs per protein,
typically an average of about 3 PEGs per protein. Tha strategy for purification of the final conjugate reaction mixture
will depend upon a number of factors - the molecular weight of the polymer employed, the particular protein, the desired
dosing regimen, and the residual aclivity and in vivo properiiag of the individual conjugaia(s) species.

{82891 i desired, PEG conjugales having different molecular weights can be isolaled using gel filtration chromalog-
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raphy. Thatis to say, gel filiralion chromatography is used to fractionate different PEG-mers {1-mer, 2-mer, 3-mer, eic.)
on the basis of thair differing molecular weights (where the difference corresponds essentially to the average miolecular
weighi of the PEG chaing). For exarnple, in an exemplary reaction where a 140 kDa proiein is randomly conjugated
to & PEG alkanal having a molecular weight of about 20 kDa, the resulting reaction mixture will likely contain unmodified
profein (MW 100 kDa), mono-pegylaied protein (MW 120 kDa), di-pegylaied prolein (MW 140 kDa), efc. Whila this
approach can be used io separate PEG conjugates having different molecular weights, this approach is generslly
ineffective for separating positional isorners having different pegyiation sites within the grotein. For example, gal filira-
tion chromatography can be used (o separaie from each other mixtures of PEG 1-mers, 2-mers, 3-mers, etc., although
gach of the recovered PEG-mer compasitions may cortain PEGs attached fo different reactive amino groups {e.q.,
lysine ragidues} within the protein.

{82101 Gel filtration columns suitable for carrying out this type of separation include Superdex™ and Saphadex™
columns available from Amersham Biosciences. Selection of & particular column will depend upon the desired frac-
tionation range desired. Elution is generally carried out using a non-amine based buffer, such as phosphate, acstate,
or the like. The collecled fractions may be analysed by a number of different methods, for example, (1) OD at 280 nm
for protein content, (i} BSA protsin analysis, {iil) iodine testing for PEG content {Sims G. E. C., &f al., Anal. Biochem,
1037, 80-63, 1980), or aliarnalively, (iv) by running an SDS PAGE gal, followed by slaining with bariurn iodide,

{82111 Separation of positional isomers is carried oul by reverse phase chromaiography using an RP-HPLC C18
column {Amersham Biogsciences or Vydac) or by ion exchange chromatography using an ion exchange column, e.q.,
a Sepharose ™ ion exchange column available from Amersharm Biosciences. Either approach can be used o separate
PEG-hiomolecule isomers having the same molecular weight {positional isomers).

STORAGE

{62121 Depending upon the intended use for the resulling PEG-conjugates, following conjugation, and optionally
additional separation steps, the conjugate mixfure may be concentrated, sterile filtered, and stored at low temperatures
from about -20 °C o about -80 ~C. Aliernatively, the conjugale may be lyophilized, either with or without residual buffer
and stored as a lyophilized powder. In some instances, it is preferable 1o exchange a buffer used for conjugation, such
as sodium acetate, for a volatite buffer such as ammanium carbonate or ammaonium acetate, that can be readily removed
during lyophilization, sothat the ivophilized protein conjugate powder formulation is absent residual buffer. Aliermatively,
a buffer exchange step may be used using a formulation bufier, 50 that the lyophilized conjugate is in a form sullable
for reconstitution into a formulation buffer and ultimately for administration to a mammal.

SMALL MOLECULE CONJUGATION

{82131 The conjugation of & PEG-alkanal of the invention to a small molecule such as amphotericin B is conducied
generally as described in Exampile 14, although precise reaction conditions will vary according to the small molecule
being modifind. Typically, the conjugation is conducied using a slight molar excess of PEG reagent relative to smail
moiecule, £.9., about 1.2 - 1.8, to about a 5 to 10-fold molar excess. In some instances, depending upon the moleculs,
the small molacule drug may actually be used in excess, such as when the PEG-small molecuis conjugate precipiiates

in the reaction solvent, e.g., sther, while the unreacted drug remains in soluiion.
TARGET MOLECULES AND SURFACES

{82141 The reactive polymer alkanals of the invention rmay be atiached, sither covalently or non-covalently, o a
number of entities including films, chemical separation and purification surfaces, solid supporis, metal/metal oxide
surfaces such as gold, titaniurmn, tantalum, nicbium, aluminum, stesl, and thair oxides, silicon oxide, macromaolacules,
and small molecules. Additionally, the polymers of the invention may also be used in biochemical sensors, bloslectronic
switches, and gales. The polvmer alkanals of the invention may also be amployed as carriers for peptide synthesis,
for the preparation of polymer-coated surfaces and polymer grafls, to prepare polymer-ligand conjugates for affinity
partitioning, o prepare oross-linked or non-cross-inked hydrogels, and to prepare polymer-cofactor adducts for bio-
reactors.

{82151 A biologically active agent for use in coupling o a polymer of the invention may be any one or more of the
following. Suitable agents may be selected fram, for example, hypnotics and sedalives, psychic energizers, trangui-
lizers, respiralory drugs, anticonvulsants, muscle relaxants, antiparkinson agents (dopamine antagnonists), analge-
sios, anti-inflammatories, antianxiaty drugs (anxiolytics), appelite suppragsanis, antimigraine agenis, muscle coniract-
anis, anti-infectives (antibictics, antivirals, antifungals, vaccines) antiarthritics, antimalarials, antiemetics, anepileptics,
bronchodilators, cytokines, growth factors, anli-cancar agents, antithrombiotic agents, antinypertensives, cardiovascu-
far drugs, antiarrhythrnics, antioxicants, anti-asthma agents, hormonal agents including confraceptives, sympathomi-
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melics, divretics, lipid reguiating agenis, antiandrogenic agenis, antiparasitics, anticoaguianis, neoplastics, aniineo-
plastics, hypoglycemics, nutritional agents and suppiements, growth supplements, antienteritis agents, vaccines, an-
tibodies, diagnostic agents, and contrasting agents.

{82186] More particularly, the active agent may fall into one of a number of structural classes, including but not limited
o small molecules {(preferably insoluble small molecules), peptides, polypapltides, proteins, polysaccharides, steroids,
nucigotides, oligonuciectides, polynuciactides, fats, electrolvies, and the like. Preferably, an active agent for coupling
to a pohyrmner alkanal of the invantion possesses a native amino group, or allematively, is modifiad to contain at least
one reactive amino group suitakle for coupling 1o 2 polymer alkanal of the invention.

[0217] Specific examples of active agents suitable for covalent attachment to a polymer of the invention include but
are not fimited o aspariginase, amdaoxovir (DAPD), antide, becaptermin, calcitonins, cyanovirin, denileukin diftiiox,
erythropoietin (EPQ), EPO agonists {e.g., peptides from about 10-40 amino acids in length and comprising a particular
core sequence as described in WO 96/40748), dornase alpha, erythropoiesis stimulating protein (NESP), coagulation
factors such as Factor V, Factor Vi, Factor Vila, Factor Vi, Factor IX, Factor X, Factor Xii, Factor Xili, von Willebrand
factor; ceradase, cerezyme, alpha-glucosidase, collagen, cyclosporin, aipha defensing, bela defensing, exadin-4, gran-
utceyte colony stirmulating factor (GCSF), thrombopoistin (TRPQO), alpha-1 proteinase inhibitor, eicatonin, granuiocyte
rmacrophage solony stimulating factor (GMGSF), fibrinogen, filgrastim, growth hormones human growth hormona
{(hGH), growth hormone releasing hormone (GHRH), GRG-beia, GRO-peta antibody, bone morphogenic proteing such
as hone morphogenic protein-2, bone morphogenic protein-8, OF-1; acidic fibroblast growth factor, basic fibroblast
growth factor, C-40 ligand, heparin, human serum alburin, fow molecular weight heparin {LMWH), interferons such
as irterferon alpha, interferon beta, interferon gamma, interferon omega, interfaron tau, consensus interferon; intar-
leukins and interieukin receptors such as interleukin-1 receptor, interleukin-g, interluekin-2 fusion profeins, interieukin-

1 receptor antagonisi, interleukin-3, interleukin-4, interleukin-4 receptor, interleukin-8, interfeukin-8, interleukin-12, in-
taraukin-13 receptor, interleukin-17 recaplor; lactoferrin and lactoferdin fragments, luteinizing hormone releasing hor-
mone (LHRH}, insulin, pro-insulin, insulin analogues {e.g., mono-acylated insulin as described in U.S. Patent No.
5,922,675), amyilin, C-peptide, somatostatin, somatostatin analogs including ccotrectide, vasopressin, follicle stimulat-
ing hormone (FSH), influenza vaccing, insulin-like growth factor (1GF), insuliniropin, macrophage solony stimulating
factor {M-CSF), plasminogen activators such as alteplase, urckinase, reteplase, streptokinase, pamiteplase, iancie-
plase, and teneteplase; nerve growth faclor (NGF), osieoprotegerin, platelet-derived growth facior, tissue growth fac-
tors, transforming growih factor-1, vascular endothelial growth factor, leukemia inhibiting factor, keratinocyte growth
fantor (KGF), glial growih factor (GGF), T Cell receptors, CD moleculas/antigens, tumor necrosis factor (TNF), mono-
cyte chemoatiractant protein-1, endothelial growth factors, parathyroid hormone (PTH), glucagon-like peptide, soma-
otrapin, thymosin alipha 1, thymaosin alpha 1 H/dlia inhibitor, thymosin bata 10, thymasin bela 9, thymaosin bela 4,
alpha-1 antitrypsin, phosphadiesterase (PDE) compounds, VLA-4 {very late anligen-4), VLA-4 inhibiiors, bisphos-
ponates, raspiratory syncvtial virus antibody, cystic fibrosis transmembrane raguiator {CFTR) gene, deoxyraibonucle-
ase {Dnase), bactericidal/permeability increasing protein {(BRY, and anli-CMV antibody. Exemplary monoclonat anii-
bodies include etanercept (a dimeric fusion protein consisting of the extraceliular ligand-binding portion of the human
75 kD TNF receptor linkad to the Fo portion of igG 1), abeiximab, afeliomomab, basiliximab, daclizumab, infiiximalk,
ibritumomab tivexetan, mitumomalb, muromonah-C03, iodine 131 tositumomab conjugate, clizumah, rituximab, and
frastuzamab (harseptin.,
{8218] Additional agents suitable for covalent atiachment to a polymer of the invention include but are not limited to
amifosting, amicdarone, amingeaproic acid, aminchippurate sodium, aminogiutethimide, aminolevulinic acid, ami-
nasalicylic acid, amsacrine, anagrelide, anastrozole, asparaginase, anthracyclines, bexarotens, bicaiutamide, bleo-
mycin, buserelin, busuifan, cabergoling, capecitabine, carbopiatin, carmustine, chiorambugin, cilasiatin sodium, cispl-
atin, cladribine, clodronate, cyclophosphariide, cyproterone, cytarabine, campiathecing, 13-cis refincic acid, aill trans
retinoic acid; dacarbazine, dactinomyein, daundrubicin, deferoxamine, dexamethasone, diclofenac, diethyistiibestrol,
docataxed, doxorubicin, agirubicin, estramusiine, etoposide, exemestane, fexofenadine, Hudarabine, fludrocoriisone,
fluorouracil, fluoxymaesterone, flutamide, gemcitabine, epinephrine, L-Dopa, hydroxyurea, idarubicin, ifosfamide, imat-
inib, irinotesan, raconazole, goserelin, lelrozole, lpucovorin, lavamisole, lisinopril, lovothyroxine sodium, lomustine,
mechlorethamine, medroxyprogesierone, megestrol, meiphalan, mercaptopuring, metaraminol bitartrate, methotrex-
ate, metociopramide, mexiletine, mitomycin, mitotane, mitoxantrone, naloxone, nicotine, nilutamide, cctreotide, oxali-
plaiin, pamidronate, pentostalin, piicarmycin, porfimer, prednisong, procaroazing, prochiorperazine, ondanssatron, ralti-
fraxed, sirolimus, streptozocin, tacrolimus, tamoxifen, temozolomide, teniposide, testosterone, tetrahydrocannabinoi,
thalidomide, thicguaning, thiotepa, topotecan, trefinoin, vairubicin, vinblasting, vincrisiine, vindesing, vinorelbing, do-
lasetron, granisetron; formoterol, fluticasone, leuprolide, midazolam, alprazoiam, amphotericin B, podophylotoxins,
nuciaaside antivirals, aroyl hydrazones, sumalriptan; macrolides such as erythromycin, oleandomyein, traleandomycin,
roxithromvein, clarithromycin, davercin, azithromycin, flurithromygin, dirithromycin, josamyein, spiromycin, midecamy-
cin, leucomyain, miocamyain, rokitarayein, andazithromycin, and swinolide A; fluoroquinoionas such as ciprofioxacin,

ofloxacin, levofloxacin, trovafioxacin, alatrofioxacin, moxifloxicin, norfloxacin, encxacin, grepafloxacin, gatifioxacin,
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fornafloxacin, sparfloxacin, temafioxacin, pefloxacin, amifloxacin, fleroxacin, tosufloxacin, pruliffoxacin, irloxacin, pa-
zufioxacin, clinafloxacin, and sitafloxacin; aminoglycosides such as gentamicin, netilmicin, paramecin, tobramycin,
amikacin, kanamycin, neomycin, and streptomyain, vancornycin, teicoplanin, rampolanin, mideplanin, colistin, dapto-
mycin, granicidin, colistimethate; polymixins such as polymixin B, capreomycin, bacitracin, penams; penicilling includ-
ing penicllinase-sensitive agenis like penicillin G, penicillin V; penicliinase-resistant agents like methicillin, oxacillin,
cloxaciiiin, dicloxacillin, floxacillin, nafcillin; gram negative microorganism active agents like ampicillin, armoxiciiiin, and
hetacillin, cillin, and galampiciliing antipsaudomaonal peniailiins like carbenicillin, ticarcillin, azlociiin, meziogcillin, and
piperaciilin; cephalosporing like cefpodoxime, cefprozil, ceftbuten, ceftizoxime, ceftriaxone, cephalothin, cephapirin,
caphalexin, cephradrine, cefoxitin, cefamandoele, cafazolin, cephaloridine, cefaclor, cefadroxil, cephaloglysin, cefuro-
xime, ceforanide, cefotaxime, cefalrizing, cephacetnile, cefepime, cefixime, cefonicid, cefoperazong, cefoletan, ce-
frnetazole, ceftazidime, loracarbef, and moxalactam, moncbactams like aztreonant; and carbapenems such as imi-
penera, meropenem, pentamiding isethicuate, alouterol sulfate, lidocaine, mataproterenol sulfate, beclomethasone
diprepionate, triamcinolone acetamide, budesonide acetonide, fluticasone, ipratropium bromide, flunisolide, cromoiyn
sodiurmn, and ergotamine larirate; texanes such as pachitaxel; SN-38, and lyrphostines.

{62191 Preferred small molecules for coupling to 3 polymer alkanal of the invention are those having at least one
amino group. Prefarred molecules includa aminchippurale scdium, amphotericin B, doxorubicin, aminocaproic acid,
aminolevulinic acid, aminosalicylic acid, metaraminol bitartrate, pamidronate disodiurn, dauncrubicin, levothyroxing
sadium, lisinopril, cilastatin sodium, mexileting, cephalexin, deferoxamine, and amifostine.

[8228] Preferred peplides or proteins for coupling o a polymer alkanal of the invention include EPQ, IFN-o, {FN-B,
IFN-y, conaensus IFN, Factor VI, Factor VI, Factor IX, 1L-2, remicade (infliximab), Rituxan {rituximab), Enbrel (etaner-
cept), Synagis {palivizumak}, Reopro (abciximab), Herceptin (frastuzimab), tPA, Cerizyme (imiglucarase), Hepatitus-
8 vaccing, ribNAse, alpha-1 proteinase inhibitor, GCSF, GMCSF, hGH, insulin, FSH, and PTH.

[8221] The above sxemplary biologically aclive agents are meant o encompass, where agpplicable, analogues, ag-
onists, antagonists, inhibitors, isomers, and pharmaceutically acceptable salt forms thereof. In reference o peptides
and proteins, the invention is intended {0 encompass synthetic, recombinant, native, glycosylated, and non-glycosylat-
ed forms, as well as biologically active fragments therecf. The above biologically active proleins are additionally meant
to gncompass variants having one or more amino acids substituted, deleted, or the like, as long as the resuiting variant
protein possesses at least a certain degree of aclivity of the parent {nalive) protein.

g

PHARMACEUTICAL COMPOSITIONS

[8222] The present invention also includes gharmaceutical preparations comprising a conjugate as provided harain
in combination with a pharmaceutical excipient, Generally, the conjugale itseif will be in a solid form (e.g., a precipiiate),
which can be combined with a suitable pharmaceutical excipient that can be in either solid or liquid form.

{82231 Exemplary excipienis include, without limitalion, those selected from the group consisting of carbohydrates,
inorganic salts, antimicroblal agents, antioxidants, surfactants, buifers, acids, bases, and combinations thereof.
{02241 A carbohydrate such as a sugar, a derivatized sugar such as an alditol, aldonic acid, an esterified sugar, and/
or a sugar polymer may be present as an excipient. Specific carbohvdrate excipients include, for example: monosac-
charides, such as fructose, maltose, galactose, glucose, D-mannose, sorboge, and the like; disaccharides, such as
lactose, sucrose, trehalose, cellobiose, and the like; polysaccharides, such as raffinose, melezitose, maltodexiring,
dexirans, starches, and the like; and alditols, such as mannitol, xylital, maltitol, lactitel, xylitol, sarbitol {glucitol}, pyran-
osyl sorbitol, myocinesitol, and the like.

{82251 The excipient can also include an inorganic sait or buffer such as citric acid, sodium chioride, potassium
chioride, sodiurn sulfate, potassium nilrate, sodium phosphate monobasic, sodium phosphale dibasic, and combina-
tions thereof.

{02281 The preparalion may also include an antimicrobial agent for preventing or delerring microbial growlh. Non-
limiting examples of antimicrobial agents suitable for the present invention include benzalkonium chioride, benzetho-
riium chicride, benzyl alcohol, setylpyridinium chioride, chiorobulanol, phenol, phenyiathyl alcohol, phenyimearcuric
nitrate, thimersol, and combinations thereof.

[0227] An antioxidant can be present in the preparation as well. Antioxidants are used {o prevent oxidation, thereby
preventing the deterioration of the conjugate or other componanis of the preparation. Suitable antioxidanis for use in
tha present invention include, for examgle, ascorbyl palmitate, butylated hydroxyanisole, butyiated hydroxytoluens
hypophosphorous acid, monothioglycerol, propyt gallate, sodium pisulfile, sodium formaidehyde sulfoxyiaie, sodium
metabisutfite, and combinations therecf.

{02281 A surfaclant may ba present as an excigient. Exemplary surfactants include: polysorbates, such as "Tween
20" and "Tween 80," and piuronics such as F68 and F88 {both of which are available from BASF, Mount Olive, New
Jersey); sorbitan esters; lipids, such as phosphalipids such as fecithin and other phosphatidyicholines, phosghatidylath-
anclarmines (although preferably not in liposomal form), fatly acids and fatty esiers; steroids, such as cholesterol; and
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chelating agenis, such as EDTA, zinc and other such suitable cations.

{6228] Acids or bases may be present as an excipient in the preparation, s examiples of acids that can be
used include those acids selected from the group consisting of hydrochioric acid, acetic acid, phosphoric acid, citric
aeid, malic acid, lactic acid, formic acid, trichloroacetic acid, nitric acid, perchioric acid, phosphoric acid, suifuric acid,
fumaric acid, and combinations thereof. Examples of suitabie bases include, without limitalion, bases selected from
the group consisting of sodium hydroxide, sodium acetate, ammonium hydroxide, potassium hydroxide, ammonium
acatate, potassium acatate, sodium ghosphate, potassium phosphata, sodium citrate, sodium formale, sodium sulfate,
potassium sulfate, potassiura fumerate, and combinations thereof.

[0238] The pharmaceutical preparations encompass all types of formulations and in particular those that are suited
forinjection, e.g., powders that can be reconstituted as well as suspensions and sclutions. The amount of the conjugate
{i.2., the conjugate formed betwean the active agent and the polymer dascribed herein} in the composition will vary
depending on & number of factors, bt will optimally be a therapeutically effective dose when the composition is stored
in & unit dose container {&.g., a vial). In addition, the pharmaceutical preparation ¢an be housed in a syringe. A ther-
apeutically effactive dose can be daterminad axperimentally by repeated administration of increasing amounts of the
conjugate in order to determine which amount produces a clinically desired endpoint.

{82311  The amount of any individual excipient in the composition will vary depending on tha activily of the excipient
and particular neads of the composition. Typically, the opliral amount of any individual excipient is determined through
routine experimentation, 1.e., by preparing compositions containing varying amourits of the excipient {ranging from low
io high), examining the stability and other parameters, and then delermining the range at which optimal performance
is attained with no significant adverse effects.

{82321 Generally, however, the excipient will be prasant in the composilion in an amourt of about 1% to about 88%
by weight, preferably from about 5%-98% by weight, more preferably from about 15-95% by weight of the excipient,
with concentrations less than 30% by weight most preferred.

{82331 These foregoing pharmaceutical excipients along with other excipients are described in "Remington: The
Science & Practice of Pharmacy”, 18 ed., Williams & Williams, (19958), the "Physician's Dask Reference”, 52 ad.,
Madical Econorics, Montvale, N.J (1898}, and Kibbe, A.H., Handbook of Pharmaceutical Excipients, 374 Edition, Amer-
ican Pharmaceutical Assoeiation, Washington, D.C., 2000.

{82341 The pharmaceutical preparations of the present invention are typically, although not necessarily, adminisiered
via injection and are therefore generally liquid solutions or suspensions immediately prior to administration. The phar-
rmaceutical pragaration can also take olher forms such as syrups, creams, cintrmants, tablets, powders, and the like,
Other modes of administration are also included, such as pulmonary, rectal, transdermal, transmucosal, oral, intrath-
ecal, subcutaneoyus, infra-arterial, and so forth.

{0238] As previously descriped, the conjugates can be administered injecied parenterally by intravenous injection,
or less preferably by intramuscular or by subcutanacus injection. Suitable formulation types for parenteral administra-
tion include ready-for-injection solutions, dry powders for combination with & solvent prior (o use, suspensions ready
for injection, dry insoluble compaositions for combination with a vehicle prior {o use, and emulsions and liquid concen-
irates for dilution prior to administration, among cthers.

(]
V]

METHODS OF ADMINISTERING

[0238] The invention also provides a method for administering a conjugate as providad herein to a patient suffaring
from a condition that is responsive to treatment with conjugate. The method comprises adminisiering, generally via
injection, a therapeutically effective amount of the conjugate {preferably providad as part of a pharmaceutical prepa-
ration). The method of administering may be used o ireat any condition that can be remediad or prevenied by admin-
istration of the particular conjugate. Those of ordinary skill in the art appreciate which conditions a specific conjugate
san affectively freal. The actual dose o be administered will vary depend upon the age, weighl, and general condition
of the subject as well as the severity of the condition being treated, the judgment of the health care professional, and
conjugale being administered. Therapeutically effective armounts are known 10 those skilled in the art andfor are de-
scribed in the pertinent reference texts and lilerature. Generally, a therapeutically effective amount will range from
about 0.001 mg to 100 mgq, preferably in doses from 0.01 mg/day to 75 mg/day, and more preferably in doses from
.10 mg/day to 50 mg/day.

{82371 The unit dosage of any given conjugaie (again, preferably provided as part of a pharmaceutical preparation)
can be administered in a variety of dosing schedules depending on the judgment of the dlinician, needs of the patisnt,
and so forth. The specific dosing schedule will be known by those of ordinary skill in the art or can be determined
exparimentally using routing rathods. Exerplary dosing schadules include, without imitation, administration five times
a day, four times a day, three timas a day, twice daily, once daily, three times weekly, twice weekly, once weekly, twice
mornthly, once monthly, and any combination theresf. Once the dlinical endpoint has been achieved, dosing of the
composition is halied.
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{82381 One advantage of administering the conjugates of the present invention is that individuatl water-scluble pol-
yrer portions can be cleaved off. Such a result is advantageous when clearance from the body is potentially a problem
because of the polymer size. Optimally, deavage of each waler-soluble polymer portion is facilitaled through the use
of physiologically cleavable and/or enzymatically degradabile linkages such as urethane, amide, carbonate or esier-
containing linkages. in this way, dearance of the conjugate {(via cleavage of individual walar-soluble polymer portions)
can be moduiated by selecting the palymer molecular size and the type functional group that would provide the desired
clearance properties. One of ordinary skill in the arl can determine the proper molecular size of the polyrer as well as
the cleavable functional group. For example, one of ordinary skill in the ari, using rouline experimentation, can deler-
mine a proper molecular size and cleavable functional group by first pregaring a variety of polymer derivatives with
different polymer weighis and deavable functional groups, and then oblaining the clearance profile {e.g., through pe-
ricdic blood or urine sampling) by administering the polymer derivative to a patient and taking periodic blood andfor
urine sampling. Once a series of clearance profiles have been oblained for each iesied conjugate, a suitable conjugale
can be identified.

{02381 All ariicles, books, patenis, patent publications and other publications referenced herein are incorporaled by
reference in their entireties.

EXAMPLES

{82487 His tobe understood that while the invention has been described in conjunction with cerlain preferred specific
embodiments tharaof, the foregoing description as well as the exampies that follow are intended to illustrate and not
fimit the scope of the invention, Other aspacts, advantagas and modifications within tha scope of the invenition will ba
apparent to those skilled in the art fo which the invention pertains.

MATERIALS AND METHODS.

{82411 Al PEGreagenis referred to in the appended examples are commeraially available uniess otherwise indicated.
All NMR data was generated by a 300 MHz NMR spectrometer manufactured by Bruker,

{82421 Lysczyme was obiained from Sigma.

EXAMPLE 1

SYNTHESIS OF MPEG (ZK)-BUTYRALDEHYDE

[0243]
- LRud.
CHRO-PEG;-OH + EHCH(CH ), CHIOCH,CHYY, =i CHLO-PEG - O-CHY(CHY) CHIOCH,CH Y,
BuOH B o7

~

A. Preparation of mPEG (2K Da)}-Butyraldehyde, diethyvl acetal,

[0244]

_OCH,CH;
CH4O-{CHo OO - CH2CHaOHRCH
OOHLCH,

{82451 A mixlure of mPEG (2K Da} {2.0¢) and {oluena {30 mbl) was azeotropically dried by distilling off toluene under
reduced pressure. The dried mPEQG, molecular weight, 2 kilodalions, was dissolved in anhydrous toluene {15 mi) io
which was added a 1.0 M solution of polassium tert-butoxide in tarl -butanol (4.0 mi, 0.004 moles) and 4-chlorgbutyral-
dehyde diethyl acetal (0.5 g, 0.00277 moles) {(Alfa Aesar). The mixiure was stirred at 100-105° C overnight under an
argon atmosphere. After cooling to room temperature, the mixiure was filtered and added to 150 mi ethyl ather at
0-5°C. The precipiiated product was filtered off and dried under reduced pressure. Yield: 1.6 g. The reaction proceeded

&
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in essentially a quaniitalive vield. That is {0 say, essentially all of the mPEG starling maierial was converied to the
corresponding digthyl acetal, based upon the absence of hydroxyl protons corresponding to mPEG-OH starting material
according to TH NMR. NMR {g5-DMSO): 1.08 ppm (i, CH4-C-) 1.52 ppm {m, G-CH,-CH,, ), 3.24 ppmi (s, -OCH,), 3.51
ppm (s, PEG backbone), 4.48 ppm (t, ~-CH, acstal).

-

8. Preparation of mPEG (Zkh-Butyraldehyde

[1246]

0
« . . BOH, B i
CH30-PEG-O-CH(CHy )p-CH(OCHCH;)p —eeio CHL0-PEG - O-CHy(CH-C-H

{82471 A mixture of mPEG (2K Da) hutyraldehvde, disthyl acetal {1.0 g} from A. above, deionizad watar (20 mi}, and
an amount of 5% phosphoric acid to adjust the pH to 3.0, was stirred for 3 hours at room temperature. To this mixiure
was addad sodium chioride {1.0 g) and the pH was adjusted to 8.8 by addition of 0.1 M sodium hydroxide. The product,
mPEG (2kD) butyraldehvyde, was extracied with dichloromethane (3 x 20 mi). The extract was dried with anhydrous
magnesium suliate and the solventwas distilled off under reduced prassure to provide the mPEG butyraldehyde product
in isclated form. Yield: 6.724.

{8248] The reaction proceeded in essentially a quantitative vield. That is to say, essentially aii of the mPEG butyrai-
dehyde diethyl acelal was convarled {o the corresponding aldehvde, based upon the absence of hyvdroxyl protons
corresponding to mPEG-OH starting material as well as absence of hydroxyl protons corresponding to disthyl acetal
aceording to TH NMR.

NMR {dg-DMB0O): 1.78 ppm {p, -CHy-CHy-CHG-} 2.44 ppm (dt, -CH, -CHOY, 3.24 pomi (s, -OCH,}, 3.51 ppm {8, PEG
backbone), 8.66 ppm (i, -CHO).  ~ -

EXAMPLE 2

SYNTHESIS OF MPEG (30kD-BUTYRALDEHYDE

A, Preparation of mPEG (30K Daj-Butyraldehvde, diethyl acetal, mPEGi-O-CH{(CH, ),-CHOCH,CH,

{82481 A mixture of mPEG (30 kD) (60% solution in toluene, 3.38g), toluene {30 mi) and BHT (putylated hydroxytol-
uene, 0.004 g) was azactropically dried by distilling off the solvent under reduced pressure. The dried mPEG 30K was
dissolved in anhydrous toluene (15 mib}, and to this solulion was added 1.0 M potassiurm tert-butoxide in tert -butanol
{4.0mi, 0.004 moles), 4-chlorchutyraldehyde diethyi acetal (0.5 g, 0.00277 moles) {(Alfa Aesar), and poiassium bromide
{3.05¢). Tha resulting mixture was shirrad overnight at 105°C under argoen almosphere. The mibdure was filtered, con-
centrated 1o dryness under reduced pressure and the crude product was dissolved in 20 mi of dichioromethane. This
product-containing sclution was added to athyl ether (300 mi) at room temperature to precipitate the product. The
precipitated product was isclated by filiration and dried under reduced pressure. Yield: 1.92 g. NMR {dg-DM3CG) 1.09
ppm {t, CHa-C-) 1.52 ppm {m, C-CH,-CH; -}, 3.24 ppm (s, -OCH3), 3.51 ppm (s, PEG backbone), 4.46 (1, -CH, acetal}.
{82501 PBased upon yields and analysis of the product, substitution of the acetal reagent at the hydroxy-terminus of
the mPEG-0OH reagent proceeded atf a very high efficiency, that is to say, at essentiaily 100% substitution. The resulting
product, withoul requiring further purification, was produced in bigh purity, without detectable or significant amounis of
unreacted mPEG-OH. Typically, the alkanal or acetal polymers of the invention are produced in high purities-that is to
say, typically, the desired alkanal product is present in the final composition in at least 85% punity, preferably at least
8% purity, and even more preferably, in at least 85% purity.

B. Preparation of mPEG (30K Da}-Butyraidehyde, mPEG5i-0-CHy(TH,).-C{OH

{82511 A mixture of mPEG (30K Da) butyraldehyde, diethyl asetal (1.0 @), from A, above, delonized water {20 mL),
and an amount of 5% phosphoric acid to adjust the pH to 3.0 was stirred for 3 hours at room temperature. To this
mikture was added sodium chioride (1.0 9), and the pH was adjusted (o 8.8 by addition of 8.1 M sodium hydroxide.
The product was extracted with dichloromethane (3 x 20 mi). The extract was dried with anhydrous magnesium suifate
and the solvent was removed by distillation. The wet product was dried under reduced pressure. Yield: 0.82 g.

NMR {dg-DMB0O): 1.78 ppm {p, -CHy-CHy-CHG-} 2.44 ppm (dt, -CH, -CHOY, 3.24 pomi (s, -OCH,}, 3.51 ppm {8, PEG
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backbone), 8.86 ppm {1, -CHO).
Substitution: -100%.
{82521 Conversion {o the corresponding aidehyde proceeded in essentially guantitative vield.

EXAMPLE 3

COMPARATIVE STABILITY OF MPEG-PROPIONALDEHYDE AND MPEG-BUTYRALDEHYDE AT BASIC PH

[0283] Methoxy-PEG-propionaldehyde and mPEG-hutyraldehvde were each exposed to high pH conditions for pro-
fonged periods of time 1o compare the refalive stabiiity of each polymer under basic pH conditions. As indicated balow,
significant amounts of propionaldehyde PEG reacted undar thase conditions to form mPEG-0OH and release acrolein
{due to a ratro-Michas! type reaction), while no loss of the PEG bulyraldahvde compound was deteciad. The dataills
of this experiment are provided below.

A. Stability of mPEG(2K Da)-Butyraidehyde at Basic pH

{82541 mPEG(2K Da)-butyraidehyde {from Example 1) ((.5g) was dissclved in 10 mi SmM phosphate buffer (pH =
8.0) and the resulting solution was stirred for 24h at room temperature. NaCl (0.5¢) was added and the product was
extracied with methyiene chioride (3 x 10 mi). The extract was dried with anhydrous magnesiun sulfate and the solvent
was distilled off under reduced pressure at 25° C.

{#255] Based upon 'H NMR analysig, the product was unchanged. That is to say, no decomposition of the PEG-
butanal was detected, even after an exiended period of time under these basic pH conditions.

5. Stability of mPEG(SK Da)-Progionaidehyde at Basic pH

{82561 mPEG(BK Dak-Propionaldehyde (Shearwater Corporation, aldehvde substitution 82%) (0.5q), was dissolved
in 10 mi 5mb phosphate buifer {pH = 8.0). Tha resulting solution was stirred for 24h at room temperature. Gas chro-
maiography haadspace analysis showed that the solution contained acralein (CH,=CH-CHO), resulting from an elim-
ination reaction under basic conditions such as those typically employed for protein conjugation. NaCl {0.5g) was added
and the product was exfracted with methvlena chioride {3 x 10 mi). The extract was dried with anhydrous magnesium
suifate and the solvent was distilied off under reduced pressure at 25° C.

[0257] Based upon TH NMR analysis, the substitution of mPEG(5K Dal-propicnaldehyde dropped 10 82% (that is i«
say, 38% of the PEG-propanal had decomposed), and the product contained a substantial amount of mPEG-OH,
arising from the loss of the C-3 segment corresponding o the propanal portion of the PEG-propanal.

EXAMPLE 4

PEGYLATION OF LYSOZYME

[0258]

O
i ,

]
Lysozyme-NH, + CH;O-PEG-O-CHACHy)y C-H i
Lysozyme-NH-CH~(CH3)y-CH-O-PEG, -OCH;

{"Lysozyme-NH," is meant to indicate the lysozyme molecule with one of ils reactive amino groups shown).

A. RANDOM PEGYLATION USING A 2 KD PEG ALKANAL.

{8258] The model protein, lysozyme, an 128 aming acid secretory enzyme, was used to demonsirate coupling of an
alkanal polyrnar of the invention {o an iltustrative protein, Lysczyme cordains six lysine residues as potential sites for
pegyiation.

{82607 Lysozyme {2.1 mg) was dissalved in 1 ml of 50 mM phosphate buffer {(pH 7.6} fo which was added mPEG
{2kD}-butyraldehyde {from Example 1, 1.5 mg)}. To this solution was added the reducing agent, NalNBH; (sodium
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ocyanohorohydride), and the solution was stirred for 24 h al room lemperature. The resuliing lysozyme conjugate pos-
sesses PEG chains coupled to lysozyme amino groups by an invervening -(CH,),-chain.

{82811 The reaction product was analyzed by Matrix Assisied Laser Desorption lonization Time-of-Flight (MAL-
DI-TOF) mass spectrometry and displayed peaks corresponding to three PEGvylated species of lysozyme at 16208 Da,
18422 Da, and 20520 Da, differing in mass by approximately 2000 Da {corrasponding 1o the size of the PEG butanal
reagent), as well as unmodified protein. The mass of unmodified (native} lvsozyme by MALDI-TOF was determined to
ke 14153, Thus, the conjugate formed was really a mixture of monopegylated protein, di-pegyiated protein, and tri-
pegylated protein (1-mer, 2-mer and 3-mer).

[0282] The above demonstrates random pegylation of an illusirative protein of tha invention to yield a distribution of
pegytaled producis. if desired, the reaction mixture can be further separated io isolale the individual PEG conjugales,
that is, lysozyme having one PEG molecule attachad thereto, lysozyme having two PEGs attached, and lysozymsa
having three PEGs atlached. Within each of the conjugaie compositions described above (1-mer, 2-mer, 3-mer}, the
PEG molecule may be attached to different reactive amino sites within the lysozyme molscule,

5. PEGYLATION USING A 5 KD PEG ALKANAL, MPEG-2-METHYLBUTYRALDEHYDE.

{82831 Conjugation of the model protein, lysozyme, is repaated using the alpha branched PEG reagent, mPEG, -
Z-methyibutyraldehyde. Lysozyme {8 mg) is dissolved in approximataly 1 ml of sodium phosphate bufier at a pH
ranging frora about 5.5 16 7.5. A two 1o five-fold molar excess of the PEG reagent, mPEG;-2-methylbutyraldehyde,
is added o the lysozyme soiution, and the resulting solution is placed on a rotary mixer and allowed to react at room
temperature. After approximately 15 minutes, a 20-fold molar excess of NaCNBH; is added and the reaction allowed
to continue. Aliguots are withdrawn at various time intervals (4 hours, 8 hours, 12 hours, 16 hours, etc.) and the reaction
prograss is monitored by SDS-PAGE and MALDETOF mass spectrometry.

{62641 Upon comgplstion of the reaction, the resulting conjugate mixiure is concentrated, sterile filtered, and stored
under low temperature conditions {(-20°C to -B0°C) until further use.

PREPARATION OF BRANCHED PEG2{40.3 KDA}- BUTYRALDEHYDE

{8265] The preparation of an exemplary polymer alkanal having a branched PEG segment is provided below.
SUMMARY.

{82861 The overall synthesis invalved first the coupling of a tetra{ethylene glycol) spacer 1o a reaciive atkanal pre-
cursor, 4-chiorobuiyraldehyde diethyl acetal. The introduction of an oligomeric ethylene glycol spacer provides greater
stability 1o the resulting product by extending the chain length between the reactive aldehyde (or acetal) group and a
reactive group that may be contained in the linker moiety, X', thereby minimizing the occurrence of potential side re-
actions and improving vields.

{82671 The use of an cligomeric spacer, such as tetraethyviene glycol, also provides a reactive functional group, in
this instance, hydroxy, that can be converted, if necessary, for coupling to a polymer segmeant that has been chroma-
tographically purified to rernove polyrmeric impurities such as PEG-diol, mPEG-0OH, and the like. In this way, undesired
functionalized polymeric impurities such as PEG-dialdehyde {resulting from PEG diol} and the like are removed from
the PEG segment prior to coupling to the alkanal precursor 1o provide the ultimate produst, a water saluble polymer
alkanal that is essentially free of polymeric impurities.

{02881 Tuming io the spadific reaction balow, the coupling of the letra{ethylene giveol) spacer 1o 4-chiorchutyralde-
hyde diethyl acetal leads to formation of the desired mono-alkanal product contaminated with di-aikanal product and
starting tetra{ethyiane giyeol). However, a straightforward waork-up that utilizes the differences in solubility of all of tha
components in the reaction mixture allows for the ready preparation of highly pure monoalkanal product, that is {o say,
having the alkanal (acetal) function substituted on only one of tha reactive hydroxy groups of the taetralethylene glycol)
maiscule. (REACTION Al). The produst frore REACTION A was then converled o the corresponding mesylale by
reaction with methanesulfonyl chioride, L., the free hydroxy group of the tatra{ethylene glycol) was converted firat to
tha mesylale (REACTION B), followad by conversion of the mesylate to a primary amino group (REACTION C). Tha
reactive amino group of the acetal reagent was then coupled to an iiustrative branched polymer backbone segment
having & reactive carborny! carbon suitable for reaction with the aming group of the acetal reagent. The pracursor i«
the PEG reactant, mPEG-disubstituted lysine, was purified by ion exchange chromatography prior to conversion to the
corresponding activated ester to remova polymeric impurities. The N-hydroxysuccinimidy! ester of mPEG-disubstituted
lysine was then reacted with an amino-atkanal acetal, via formation of an amide bond, 1o form the resulting branched
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PEG-spacer-alkanal acetal. The acelal was then readily hydrolyzed in the acid-catalyzed reaction to form the corre-
sponding altkanal, and in particular, the Z-arm branched PEG (40KDa) butyraidehyde.

{82698] This synthelic approach, i.e., is not limited to branched polymer segments but may be employed for polymer
segments having any of the herein described geometries.

SUMMARY OF OVERALL SYNTHESIS:

[0270]
- - . LBulr
HO-(CH;CH;O},;H + Cl-CH;(CH;)'E'(.H(GLHZCR‘ﬁh B H’(}«(CH:,‘CHZQ}‘6 'CHz(CHz}‘_)'Cﬁ(OCHECHﬁa
BuDH -
CHB0C

RO-{CH,CHON -CHA(CH - CHIOCHCH . e CHGSO,0-(CH0H O3 CHy Ol by CHIOCHCHY 1

NH,OH
CH3 SO0 CHCH0 1 -CHACH )p-CHIOCH CHg)y  wommmmeeeBioe HNL(CH,CHL 0, CH(CH, )y CHIOCH, CHy

]
CHgO-{CHaT Hp T — NH
Crisdg . HN-(CHCH O CHACH, - CHIOCH, CHy)y =B~

g |

CHO -{CHOHO - G~~~ CH =~ CIOIONHS

G
Hy
CHRO-CHACH )G~ NH
{CHalg
S | HY HOH

CHgO - (CHCH O G M= CH =GO} HN-(UH,CH,00-CHA{CH - CHOCH,CHy), =30

&)
1
SHLO-{CH,CHO} G = NH
{CHala

o
LH
CH30-([CHCHp OGN CH {0} HN-(CHLCH0),-CHy(CH, - CHO

A Tetra{ethyiene giveol) mono-butyraldehvds, diethyl acetal, HO-{CH,CH, O}, CHCH,G-CHo(THL ) ,-CH{OGCHCH, ).

{82711 A mixture of letralethylene glycol) (87.1g, £.500 moles) and toluene {200 ml) was azeotropically dried by
distilling off toluene under reduced pressure {rofary evaporator). The dried tetra{ethylene giveo!) was dissolved in
anhiydrous toluene (180 mi) and 1.0 M solution of polassium teri-butoxida in tert-butanol (120.0 mi, 0.120 moles) and
4-chiorobutyraldehyde diethyl acetal (18.1 g, 0.100 moles) (Alfa Aesar) were added. The mixiure was stirred at 95-100
°Covarnight under argon atmosphare, After cooling o room temperature, the miklure was filtered and the solvents
were distiled off under reduced pressure. The crude product was dissolved in 1000 mi deionized water and the resulting
solution was filtered through active carbon. Sodium chioride {(10g) was added and the product was exiracted with
dichioromethane (250, 200, and 150 mi). The exiract was driad {over MgSQ,) and the solvent was distilled off under
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reducad pressure (by rotary evaporation).

{0272] The crude product was dissolved in 300 ml 10% phosphate buffer (pH = 7.5) and impurities were extracted
with ethyl acetate (2 x 50 mi). The product was extracted with dichloromethane \A‘O. 150, and 100 i), The exiract
was dried (over MgS0,) and the solvent was distilled off under reduced pressure (by rotary evaporation).

Yield: 20.3 g. NMR (dg-DMSG) 1.10 ppm {t, CHa-C-) 1.5 ppm (m, C-CH,-CH, =), 3.40 pom (bm, -OCH,CHL0-), 4.46
ppm (i, -CH, acetal}, 4.58 ppm (i, ~OH). Purity: ~100% (no signs of unreacted starting materials).

B. Tetra(athvlene glycol}-a-mesviate-e-butyraldehyde, disthyl aceial, CH3-8(0)y-0-{CH,CH0),CHLCHL,0-CH,
{CHy)o-CH{OTH,CH,),

{02731 Ambdureof tntra(ethviene glycol) mono-butyraldehyde, diethyl acetal (12.5g, 0.037 moles) and toluena (120
i) was azeotropinally dried by d a off icluene under reduced pressure (rotary evaporator). The dried telralethyi-
ene glycol) mono-butyraldehyde, dso‘hyi acetal was dissolved in anhydrous toluene (100 mi} To the solution was added
20 mi of anhiydrous dichioremethane and 5.7 mil of triethylamine {0.041 moles). Then 4.5¢ of methanesuifonyt chloride
{0.038 moles) was added dropwise. The solution was stirred at room temperature under a nitrogen atmosphere over-
rifghit. Next sodiurn carbonate (5 g) was added, the mixture was stirred th. Then the solution was filkered and solvenis
were distilled off under reduced pressure (rotary evaporator).

1. 10 ppm {t, CHy-C-} 1.51 ppm {m, C-CH,-CH, -3, 3.17 ppm (s, CH4- methanesulfonate), 3.49 ppm (bm, -OCH,CH,0-),
4.30 ppm (m, -CH,- methanesulfonate}, 4.46 ppra (t, -CH, acetal).

Purity: -100%

C. Tetra{ethviene giycol}-o-amino-w-butyraldehyde, diethyl acetal HN-(CH,CH,0},CH,CHO-CHy(CH,,-CH

{0274] A mixture of tetra(ethylene glycol}-a-mesylate-w-butyraldehyde, diethyl acetal (14.0q9), concentrated ammo-
nium hydroxide (850 mib), and ethyl alcohol (60 mi) was stirred 42 h at room femperature. Next all volatile materials
ware distilled off under reducad pressure. The crude product was dissolved in 150 ml delonized water and the pH of
the solution was adiusted o 12 with 1.0 M NaOH. The product was extracted with dichioramethane {3 x 100 mi). The
extract was dried {MgS0O4) and the solvent was distilied off under reduced pressure {rotary evaporator). Yield 10.8g.
NMR (D0} 1.09 pom {t, CH3-C-) 1.56 ppm {m, C-CH,-CH, -}, 2.69 ppm (t, CHy-N), 3.56 ppm (bm, -QCH,CH,0-),
4.56 ppr (t, -CH, acetal}. Purity: ~100%

D, Branched PEG2(40.3 KDal-buiyraldehyde, diethyl acetal

[0275]

mPEG-0Q-C(O)-NH
(CHyly

mPEG-0-C{0)-NH- CH—C(0)-NH-(CH,CH;0)4-CH,CH,CH, -CH(OCH,CH,),

{82781 PEG2 (40 KDa)-N-hydroxysuccinimide was prepared from the corresponding PEG2-lysine as described in
U.8. Patent No. 5,932,482 (Harris, J., atal}. Tha grecursor PEG-2 ysine, a branched PEG having an ionizable carboxyl
group, was purified by ion exchange chromatography, as also described in U.S. Patent No. 5,832,462,

[0277] To a solution of PEGZ (40 KDa)-N-hydroxysuceinimide (5.0g, 0.000125 moles) (Shearwater Corporation) in
mathyiens chioride {100 mi), telra{ethylene giveol)-a-aminc-w-butyraldehyde, diethyl acetal (0.50g, $4.000148 moles)
and triethylamine {0.035 ml) were added and the reaction mixture was stirred overnight at room temperature under an
argon almosphere. The solvent was evaporaled lo dryness using a rolary evaporator. The crude product was dissolved
in methylene chioride and precipitated with isopropyl alcohol. The wet product was dried under reduced pressure. Yield
48 q.

NMR (dg-DMEQ): 1.10 ppm {t, CH3-C}, 1.51 ppmi(m, C-CH,-CH, -}, 3.24 ppmi (s, -OCH,}, 3.51 ppm {s, PEG backbone),
4,46 ppm {t, -CH-, acstal). Subsutuuon. -100%.
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£. Branched PEG2{(40.3 KDa)- butyraldehyde

[0278]

mPEG-G-C{O}-NH

(CHy, ‘?

MPEG-0-C(0)-NH- CH=—C{0)-NH-(CH,CH,0),-CH,CH,CH,-C-H

[0278] Branched PEG2(40.3 KDal-butyraldehyde, diethyi acetal (4.8q) was dissolved in 100 mi water and the pH of
the solution was adjusted to 3 with diluted phosphoric acid. The solution was stirred for 3 hours at roont temperature,
followed by addition of 0.5 M sodium hydroxide sufficient {o adjust the pH of the solulion to about 7. The product was
exiracted with methylene chiaride, and the extract dried with anhydrous magnesium suifate. The scivent was distilled
off under raduced pressure.

Yield 4.2 g. NMR (dg-DMSO): 1.75 ppm (g, -CHo~-CH-CHO-) 2.44 ppm {(di, -CH,, -CHG;}, 3.24 ppm (s, -OCH;), 3.51
ppm (s, PEG backbone), 8.68 ppm (i, -CHO). Substitution: ~100%. -

{82801 The above illustrates vel another embaodimant of tha invention, the preparation of a representative branched
PEG alkanal. The above aisg illustrates an embodiment of the invention wherein the polymer alikanal containg a short
oligomeric groug, in this case, a letraethylena giveol inlerposed batwaen the polymar backbone and the alkanal seg-
ment of the molecule. Further, this example illustrates the use of a precursor polyimer segment containing an ionizable
group such that such polymer segment can be purified by ion exchange chromatography prior to coupling o the alkanal-
acetal reagent, thereby effectively remaving polymeric impurities early an in the reaction scheme. in this inslance, the
product formed is absent difunctional polymeric impurities such as those arising from reactions of PEG-diol, or mPEG,
or mono-pegylated lysing, or the like, that may have been present in the mPEGZ-iysine precursor but were removed
by chromatography.

EXAMPLE &

PREPARATION OF POLYMER-ALKANAL PROTEIN CONJUGATE RANDOM PEGYLATION OF EPG

{82811 Recombinant EPQO {produced in £, coli, mammalian cells {e.g., CHO cells) or another microbial source) is
coupled to mPEG-butrvaldehyde 30 kDa {prepared as described in Example 2).

{02821 EPO {-2 mg)is dissolved in 1 i of 50 mM ghosphate buffer {(pH 7.8) and mPEG(30 kDa)-butyraldehyde is
added at 8X the molar EPO concentration. A reducing agent, NaCNBH,, is added and the solution stirred for 24 h at
room termperalure 1o couple the PEG-butanal reagent {o the protein via an amine linkage.

{8283] The reaction mixiure is analyzed by SDS-PAGE to determine the degree of PEGviation. Confirmation of the
degree of PEGyiation, 1-mer, 2 mers, ete. is done by Matrix Assisted Laser Desorption lonization Time-of-Flight (MAL-
DI-TOF) mass spectromeiry. The displayed peaks for native and mono-PEGyiated species differ by approximately
30,000 Da. The rasulting reaction mixture contains a mixture of native and monopegylated protsin. Increasing the ratio
of PEG reagent to protein increases the degree of polyPEGyiation, that is to say, the formation of 2-miers, 3-mers, elc.
{8284] The use of high molecular weight PEG alkanals having molecular weight greater than about 20 kDa favors
formation of mono-PEGylsted species. Smalier molecular weight PEG alkanals, when coupled o a protein, are more
prone to formation of poly-PEGylated species under these conditions.

{82851 The above demonsirates random pegylaiion of an illusirative protein of the invention to vield a digiribution of
pegyiated EPO products. If desired, the reaction mixture can te further separated o isolale the individual isomers as
described below.

{02881 PEG conjugales having different molecular weights are then separated by gel filtration chromalography. The
different PEG conjugates {(1-mer, 2-mar, 3-mer, etc.) are fractionated on the basis of their different molacular weights
{in this case, varying by approximaiely 30 kDa). Specifically, the separation is performed by using a8 serial colurmn
system suitable for effective separation of products in the molecular weight range observed, e.g., a Superdex™ 200
column {(Amersham Biosciences). The produscts are eluted with 10 mi acetate buffer at a flow rate of 1.5 mifmin. The
collected fractions {1 ml} are analysed by OD at 280 nm for protein content and also using an iodineg test for PEG
content {(Sims G. £, C,, ef al,, Anal. RBiochem, 107, 80-63, 1880}, Alternatively, the results are visualized by running an
SD8 PAGE gel, fallowed by staining with barium iodide. Fractions corresponding o the eluted peaks are coliected,
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concenirated by ultrafiliration using a 16-30 kD cut-off membrane, and yophilized. This method results in separation/
purification of conjugates having the same molecular waights but does not provida separation of conjugates having
the same molecular weight but different pegylation sites {i.e., positional isormars).

{82877 Separation of positional isomers is carried out by reverse phase chromatography using an RP-HPLC C18
cotumn (Arnarsharm Biosciences or Vydac). This procedura is effective for separating PEG-biomolecuie isomers having
the same molecular weight {positional isomers). The reverse-phase chromatography is carried out using a RP-HPLC
C18 preparalive column and aluled with a gradient of water/0.05% TFA (Eluant A) and acetonitrile/0.05% TFA (Eluent
B).

[0288] Fractions corresponding to the aluted peaks are collected, avaporated to eliminate acetonitrile and TFA, fol-
fowed by removal of solvent to isclate the individual positionad PEG-isomers.

EXAMPLE 7

PREPARATION OF POLYMER-ALKANAL PROTEIN CONJUGATE N-TERMINAL PEGYLATTON OF EPOQ

{82891 Recombinant EP0 {produced in E. cofi, mammalian celis (such as CTHO but not limited to) or another microbial
source) is coupled o mPEG-butryaldehyde, 30 kDa (Example 2).

[0290] EPOQO {-2. mg) is disscived in 1 mi of 0.1mM sodium acetate {pH 5) and mPEG(30 kDa)-butyraldehyds {from
Example 2} is added at 5X the molar EPC conceniration . A reducing agent, NaCNBH,, is added and the solution is
stirred for 24 h at 4° © (o couple the PEG-butanal reagent to the protein via an amine linkaga.

{6281] The reaction mixture is analyzed by SDS-PAGE {0 determine the degree of PEGyiation. Gonfirmation of tha
degree of PEGyiation, 1-mer, 2-mers &lc. is carried out by Matrix Assisted Laser Desorption ionization Time-of-Flight
{MALDI-TOR) mass spectrometry, The displayad peaks for native and rono-PEGviated species difier by approximately
30,000 Da. The resulting reaction mixiure primarily contains a mixture of native and monopegylated protein. The mo-
no-PEGyiatad species are purified by column chromatography to remove fres EPQO and higher molecular weight spe-
cies.

[0222] Confirmation of N-terminal PEGylation is carried out by peptide mapping. Increasing the ratio of PEG to protain
increases the degree of PEGylation, vielding poly-pegylaied protein,

{82831 The above demonsirates pegylation of an ilustrative protein of the invention to yield a predominantly N-ter-
rminal 5 : pegylated profein.

EXAMPLE 8

N-TERMINAL PEGYLATTON OF GC&F

[0224] Recombinant GCSF (produced in E. cofi, mammalian cells {such as CHO cells) or other microbial source) is
coupled to mPEG-butryaldehyde, 30 kDa.
{82851 GCSF (~2. mg)is dissolved in 1 mi of §.1mM sodium acetate {pH 5) and mPEG(30 kDa)-butyraldehvde {(from
Example 2} is added at BX the molar GCSF conceniration . The reducing agent, NaCNBH,, is added and the sclution
stirred for 24 h at 4° C to couple the PEG-butanal reagent to the protein via an amine linkage.
[0296] The resulling reaction mixture is analyzad by SDS-PAGE to determine the degrae of PEGyiation. Confirmation
of the degree of PEGylation, t-mer, 2 mers, elc. is carried out by Matrix Assisted Laser Desorption tonization Time-
of-Flight (MALDE-TOF) mass spectrometry. The displayed peaks for native and mono-PEGylated species differ by
approximately 30,000 Da. The resulting reaction mixture primarily containg a mixture of native and monopegyiated
GOSF. The nono-PEGylated species are purified by column chromatography to remove free GCSF and higher molec-
ular weight species. Confirmation of N-terminal PEGvlation is conductad by peplide mapping. Increasing the ratio of
PEG to protein increases the degree of PEGyiation vielding poly-pegylated protein.

XAMPLE @

m
m

N-TERMINAL PEGYLATION OF INTERFERON o

{82871 Recombinant IFN-o {grodusad in £, coli, mammalian cells (such as CHO but not limited 1o} or other microbial
source) is coupled to mPEG-butryaldehyde, 30 kDa.

{02981 Interferon -0 (~2. mg) is dissolved in 1 ml of 0. 1mM sodium acelate (pH 81 and mPEG(30 kDa)-bulyraldehyde
{from Example 2} is added at 5X the molar IFN conceniration . A reducing agent, NaCNBH,, is added and the sclution
stirred for 24 h at 4° © (o couple the PEG-butanal reagent to the protein via an amine linkaga.

{82881 The reaction mixture is analyzed by SDS-PAGE to determine the degree of PEGvlation. Confirmation of the
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degree of PEGylation, 1-mer, 2 mers elc. is carried out by Malrix Assisted Laser Desaorplion fonization Time-of-Flight
{MALDI-TOF} mass spactrometry. The displayed peaks for native and mono-PEGylated specias differ by approximately
36,000 Da. The resuliing reaction mixture primarily contains & mixture of native and monogpegylated protein. The Mo-
no-PEGylated species are purified by column chromatographny to remove free interferon o and higher molecular weight
species. Confirmation of N-terminal PEGylation is conduciad by pepiide mapping. Increasing the ratio of PEG o grotain
increases the degree of PEGylation yielding poly-pegylated IFN.

{63008] Conjugation of the protaing hGH, IFN-8, and FSH o another illustrative PEG-alkanal, mPEG-Z-rmathy! bu-
tyraldehyde, 20 kDa is carried out essentially as described in the examples above.

EXAMPLE 10

N-TERMINAL PEGYLATION OF HUMAN GROWTH HORMONE

{03811 Recombinant human growth hormone (produced in £, cofi, mamrmalian cells (such as CHO but aot limited o)
or ancther microbial source) is coupled to mMPEG-2-methyl butyraldehyde, 20 kDa.

{83821 Human growth hommone {(~& mg) is dissolved in 1 ml of 0.1mM sodiur acetate (pH 5} and mPEG-2-mathy
butyraldehyde, 20 kDa is added at 5X the molar hGH concentration. A 5 to 2i-foid molar excess of the reducing agent,
NaCNBH,, is added and the sclution is stirred for 24 hat4° C o couple the PEG-o methyibutanal reagent to the protein
via an amine linkage.

{83031 Prograss ofthe reactionis analyzed by SDS-PAGE or MALDI-TOF mass spectrometry to determine the degres
of PEGyiation. Confirmation of the degree of PEGyiation, 1-mer, 2 mers ele. is carried oul by Malrix Assisiad Laser
Desorption lonization Time-of-Flight {(MALDI-TOF} mass spectrometry. The displayed peaks for native and mo-
noe-PEGyiated and ather species differ by approxdimalely 20,000 Da. The resulling reaclion mixture primarily contains
a mixture of native and monopegyiated protein. The mono-PEGvlated species are purified by colunmin chromatography
to remove free hGH and higher molecular weight species. Confirmation of N-terminal PEGylation is conducted by
peptide mapping. Increasing the ratio of PEG aldehydes to profein increases the degree of PEGylation yielding a pop-
ulation of poly-pegviated hGH.

EXAMPLE 11

N-TERMINAL PEGYLATION OF INTERFERON-8

{6304] Recombinant interferon-§ (produced in £. cofi, mammalian cells {(such as CHO but not limited to) or ancther
microbial sgurce} is coupled to mPEG-2-meathy! butyraldehyde, 20 kDa.

{8385] Interferon-B (-2 mg) is dissolved in 1 ml of 0.1mM sodium acetate (pH 5) and mPEG-2-methy! butyraldehyde,
20 kDa is added at 5X the molar IFN-} concentration. A 5 to 20-fold molar excess of the reducing agent, NaCNBH,,
is added and the solution is slirred for 24 h at 4° C o couple the PEG-¢ methylibulanal reagent o the protein via an
amine linkage.

{63068] Prograss of tha reactionis analyzed by SDS-PAGE or MALDH-TOF mass spectromelry to delermine the degrea
of PEGyiation. Confirmation of the degree of PEGyiation, 1-mer, 2 mers eic. is carried out by Matrix Assisied Laser
Dasorption fonization Tima-of-Flight (MALDI-TOF} mass spactrometry. The displayad peaks for native and mo-
no-PEGyiated and other species differ by approximately 20,000 Da. The resulling reaction mixture prirmarily contains
a mixture of native and monopegyiated protein. The mono-PEGvlated species are purified by columin chromatograghy
to remove free IFN-B and higher molecular weight species. Confirmation of N-terminal PEGylation is conducted by
peptide mapping. Increasing the ratio of PEG aldehyde to protein increases the degree of PEGylation yielding a pop-
ulation of poly-pegylated IFN-B.

EXAMPLE 12

N-TERMINAL PEGYLATION OF FSH

{83071 Recombinant follicle stimulating hormone (produced in E. cofi, mammalian cells {such as CHO hut not limited
to) or another microkial source) is coupled o mMPEG-2-mathyl bulyraldehyde, 20 kDa.

{8308] Follicle stimulating hormone, FSH {(~2 mg) is dissolved in 1 mi of ¢.1mM sodiun acetate (pH 5) and mPEG-
2-methyl butyraldehyde, 20 kDa is added al 58X the rmolar FSH concentration. A 5 o 20-fold maolar excess of the reducing
agent, NaCNBH,, is added and the soiution is stirred for 24 h at 47 C 1o coupie the PEG-o methylbutanal reagent to
the protein via an amine linkage.

{83381 Progress of the reaction is analyzed by SDS-PAGE or MALDH-TOF mass spectromelry to determine the degree
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of PEGyiation. Confirmation of the degree of PEGyiation, 1-mer, 2 mers etc. is carried cut by Matrix Assisted Laser
Desorption onization Time-of-Flight {(MALDI-TOF} mass specirometry. The displayed peaks for native and mo-
no-PEGylaied and other species differ by approximately 20,000 Da. The resuiting reaction mixiure primarily containg
a mixture of native and monopegylated protein. The mono-PEGylated species are purified by column chromatography
o remove free FSH and higher molacular weight species. Confirrnation of N-terminal PEGyiation is conducted by
peptide mapping. Increasing the ratio of PEG aldehyde 1o protein increases the degree of PEGylation yielding a pop-
ulation of poly-pegylated FSH.

EXAMPLE 13

N-TERMINAL PEGYLATION OF HUMAN GROWTH HORMONE

{83101 Recombinant hGH {produced in £. cofi, mammalian cells {such as CHO but not limited to} or another microbial
source) is covalently attached {o branched PEG2(40.3 KDa)- bulyraldehyde (Example 5E).

{83111 Human growth hormone {~2 mg) is dissolved in 1 ml of 0.1mM sodium aceiate (pH 5) and branched PEG2
{40.3 KDa)- butyraldehyde is addad at 58X the molar hGH concaniration. A 5 to 20-fold molar excess of the reducing
agent, NaCNBH,, is added and the solution is stirred for 24 h at 4° T to couple the branched PEG2{40.3 KDa}- bu-
tyraldehyde reagent to the protein via an amine linkage.

{83121 Progress of the reaction is analyzed by SRS-PAGE or MALDI-TOF mass spectromelry (o delermine the extent
of PEGylation. Confirmation of the degree of PEGylation, 1-mer, 2 mers (if any} atc., is carried out by Matrix Assisted
Laser Desorplion lonization Time-of-Flight (MALDETOF) mass spectromeiry. The dispiayed peaks for native and mo-
no-PEGylated and other species differ by approximately 40,000 Da. The resuiting reaction mixture primarily contains
a mixture of native and monopegylated protein, in parlicular due to the size and gaometry of the branched PEG alkanal
reagent. The mono-PEGylated species are purified by columin chromatography o remove free hGH and higher mo-
lecular weight species. Confirmation of N-terminal PEGyiation is conducted by peptide mapping.

EXAMPLE 14

PEGQYLATION OF AMPHOTERICIN B

{8313] The amine group of a small molecule, amphotericin B, is modified by attachment of a polymer alkanal.
[0314] To a solution of amphotericin B.HCH in deionized water is added a 2-fold malar axcess of mPEG,-bulyraide-
hyde (Example 1} dissoived in (.1 M phosphate buffer at pH 8.5, To this mixture is added a solution of NaCNBH,, (at
a 1.5 to 10-fold molar excess) in phosphate buffer at pH 6.5, and the resulting solution is stirred at toom temperatura
overnight under an argon atmosphere. Aliquots of the reaction mixiure are withdrawn at varicus time intervals to maonitor
the progress of the reaction by TH NMR. Upon completion, the reaction mixture is further diluted by addition of water,
and NaCi s added o achieve saturation. The productis then exiracted with dichloromethane, and tha combined organic
extracts are dried over anhydrous sodium sulfaie, filtered to remove drying agent, and the solvent evaporated by rotary
evaporation. The product is then precipitaiad by addition of diethyl ether, and dried under vasuum gvernight. Tha
recovered product is analyzed by gel permeation chromatography 1o determine the extent of conjugation.

[8315] The crude product is purified by cation exchange chromatography using Poros 50 HS cation exchange resin
{PerSeptive BioSysterns, Framingham, MA). Following washing of the column with deionized water, the product is
eluted with 1N NaCl soiution. The conjugate containing extracts are combined, and the product is extracted with dichio-
rorethane. The organic solution is dried over anhydrous sodium sulfate, filterad, and the solvent evaporated by rotary
evaporation. The purified conjugate is purified by addition of disthyl ather.

{03181 H necassary, the produst is further purified by reverss phase HPLC chromatography using a Betasil 18
column, Keystone Scientific).

XAMPLE 15

m
m

PREPARATION OF PEG(3500 DA-o-HYDROXY-o-BUTYRALDEHYDE BY ANIONIC RING OPENING
POLYMERIZATION OF ETHYLENE OXIDE DIRECTLY ONTO AN ANIONIC ACETAL PRECURSOR

{83171 In this example, an acetal precursor having a site suitable for initiating ring-opening polymerization with eth-
viena axide is prepared by reacting 4-chiorobulyraidehyde diethyl acetal with the the di-alcohol, ethvlena glycol. in this
way, a halo- acetal is converted o a hydroxyi-terminated acetal. The hydroxyl group, when converted to the corre-
sponding alkoxide anion, provides a site for initiating polymerization of athyiene oxide (EQ), o thereby form a polymer
alkanal precursor, The polmer alkanal precursor (acetal), upon hydrolysis, is converted to the desired polymer alkanal.
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{83181 A generalized scheme for this synthetic approach for preparing a polymer alkanad of the invention is shown
in FIG. 1.

A. Preparation of 2-(4 4-diethoxy-butoxyisthano! (Compound 15A3.

10319]

‘BuOK*
CSCH2CH2CH2CH(OCHQCHJ)2 + HQ'CHQCHQ*QH Y o
HO-CHpCH-O-CHCHCHaCHIDTHCHa ),

{03281 A mixture of anhydrous ethiviena glveol (120 g, 1.93 moles), a 1.0M solution of potassium terl-butoxide in {ert-
butanol {70 mi, 0.07 moles}, and 4-chiorcbutyraldehyde diethyl acetal {11 g, €.061 moies) is stirred overnight at 100
°C under an argon atmosphare, After cogling to roor temperature, the reaction mixiura is added to 800 ml distilled
waler. The product is extracted with dichioromethane (150, 125, and 125 ml). The combined extracis are then dried
with anhydrous magnesium sulfate and the solvent is distilled off under raduced pressure. Next the product is subjectad
io vacuum distillation {kugelrohr, { = 80 - ‘I‘E(} °C, 0. 10 mm Hg) Yield 5 54

CH,CH2CH,,CH, 2H), 3.53 ppm (t 1G-C EzCHQO 2H '?.62 pprr (0_, mz(‘ 24 M), 3. ppm (t, HO- (‘ QH: 4.38
ppm (i, -CH acetal, 1H), 4.54 ppm {, 1H, -OH)

B. Preparation of PEG{3,500 Daj-u-hydroxy-w-butyraldehyde diethyl acetal

03211

potassium naphthalide

EQ, THF
HG‘CHQCHQ"Q‘CHQCHzCHzCH(QCchﬁg}E cxmmcmmxmesconeonccor iR

HOA{CHACH, O} CHRCH2-0-CHCHa-O-CHyCHyCHCHIOCHCH, 1,

{03221 Compound 15A {(0.51 g, 0.00247 moles), THF 200 mi, and polassium naghthalide (0.3 molii-tetrahydrofuran
solution, 20 mi, 0.0086 moles) are added to a glass reactor and stirred for 3 minutes in an argon atmosphere. Ethviens
axide (8.8 g 0.20 moles) is added to this sclution and the raaction mixture is slirrad for 44 1 at room lemperature. Next
the mixiure is purged with argon and §.10M phosphate buffer (pH = 8, 100 mi} is added. The THF laver is separated
and discarded. Naphthalena is removed from the solution by ethyl ether extraction. The product is exiracted from the
residus with dichioromethane (3 x 50 mif). The axiract is dried with anhydrous sodium sulfate and concenirated (o about
30 mil. Next athyl ether (250 mil} is added and the mixture is stirred 15 min at 0 °C. The precipitated product is filtered
off and dried under reduced pressure.
Yield 7.2 g.

NMR {ds-DMSO): 1.09 ppm {t, CHa-, 3H) 1.52 ppm {m, C-CH,-CH, -, 4H), 3.51 ppm (s, polymer backbone), 4.48 ppm
{t, -CH, acetal, 1H), 4.57 ppm {1 -OH, 1H).

C. PEG(3,500 Daku-hydroxy-o-buiyraldehyde

[8323] A mixiure of PEG(3,500)-a-hydroxy-m-outyraidehvde diethyl acetal (1.0 g}, deionized water (20 mi), and 5%
phosphoric acid to adjust the pH to 3.0 is stirred for 3 hours at room temper*tum Next, sodium chioride (1.0 g} is
added and the pH is adjiusied to 8.8 with 0.1 M sodiurm hydroxide. The product is exiracted with dichloromethane (3 x
20 mi). The extract is dried with anhydrous magnesium sulfate and the solvent is distilled off. The wet product is dried
under raduced pressure. Yield: 0.82 g.

NMR (d-DMSO): 1.75 ppm (p, -CH-CH,-CHO-) 2.44 ppm (dt, -CH, -CHO), 3.51 ppm (s, polymer backbone), 4.57
ppm (i, -OH), 8.66 ppm {t, -CHOYL 7 -
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EXAMPLE 16

PREPARATION OF METHOXY-PEG(3500 DA} BUTYRALDEHYDE

{03241 This example damonstrates the preparation of an ilusirative and-capped PEG-alkanal from a PEG g-hydroxy-
w-alkanal aceial.

A mPEG(R,500 Daj-butyraldehyde digthyl acelal

[8325] A mixture of PEG(3,500 Daj-o-hydroxy-w-butyraidehyde diethyl acetal (3.5 g, 0.001 motes), toluene (80 mi),
1.0M solution of potassium tert-butoxide in tert-butanct {(5ml, 0.005 moeles) and methyl p-foluene sulfonate {(0.75 g,
0.004 moles) is stirred overnight at 45 °C. Next, the solvants are distilled off under reduced pressure {rotoevaporator).
The crude product is dissolved in dir‘h'nfo'nethano and added to cold ethyl ether. The precipitated product is filterad
off and dried under reduced g‘reswr? Yield: 3.1 ¢.

NMR {d-DMSQO): 1.09 ppm {t, CH,-, 3H) 1.\22 ppm {m, C-CH,-CH, -, 4H), 3.24 ppm (s, CH30O-, 3H}, 3.51 ppm {
polymer backbone), 4.48 ppm {1, -CH, acetal, 1H).

B. mPEG{3,500 Da)-butyraldehyde

{0328] A mixture of mPEG(3,500)-butyraldehyde disthyl acetal {1.0 g), deionized water {20 mL.), and 5% phosphoric
acid to adjust the pH to 3.0 is stirred for 3 hours at room ternperature. Next, sodium chloride (1.0 ¢} is added and tha
pH is adjusted to 6.8 with 0.1 M sodium hydroxide. The product is extracted with dichloromethane {3 x 20 mi). The
extract is drind with anhydrous magnesium sulfate and the solventis distiled off. The wet producti d underreducad
pressure. Yield: 8.85 g.

MMR (dg-DMSO): 1.75 ppm {p, :,__7 CH,-CHO-, 2H) 2.44 ppm {dt, -CH, -CHO, 2H), 3.24 ppm {s, -OCH;,, 3H), 3.51
pprn (s, polymer backbone), 8.66 ppm (i, - CHO, 1H). -

EXAMPLE 17

PREPARATION OF METHOXY-PEG(Z KBA) 2-METHYLBUTYRALDEHYDE

{03271 This example describes the synthasis of an illustrative polymer 2-alkylsubstituted alkanal of the invention
This polymer, rather than possessing a siraight alkylene chain separating the aldehyde carbon from the linker, pos-
ses3es a methyl substituent in the C-2 position.

{83281 OVERVIEW: The protected acelal reagent, 17-A, was preparad from a commerdially available starting mate-
rial, 2-methyi-d-chiorohutanoate, by first reducing the bulanoate carbon to the corresonding alcohol, followed by oxi-
dation {o the bulyraidehyde. The bulyraidehyde was then protecied as the coresponding asetal to provide a prolectad
acetal reagent for coupling to PEG. Fallowing coupting to PEG, the resulting polymer acetal was hydrolyzed in acid to
provide the desired polymer alkanal.

A. Preparation of 4-chloro-2-methylbutyraldehyde diath acetal

Preparation of 4-chloro-2-methyibutanoci-1

{83281 A solution of Z-methyl 4-chiorobutanoate (TCH America) (22.0 g, 0148 moles) in ethyl ether (80 mi} was added
dropwise during 30 min to a stirred solution of lithium alurninum hydride (4.55 g, 8.12 moias) in athyl ether (360 mil) a
(0°C under argon atmosphere. Naext methanol {12 mi} was added dropwise over a period of 30 min and then ice-cold
N HCH (420 mi) was added dropwise over a 20 minute period. The reaction mixture was ransferred (o a separalory
funnat and the ether layer, containing 4-chloro-2-methyloutanct -1, was separated. Additional product was exiracted
from the water layer with ethyl ather (3 x 200 mi). The ather exiracts were combinad, dried with anhydrous magnesium
suifate, and the solvent was dislilled under reduced pressure. Yieid 18.6 9.
NMR (ds-DMSO}: 0.84 ppm (d, -CHg, 3H), 1.50 ppm {m, -CH,CHCI, 1H), 1.88 ppm (m, -CH-, 1H), 1.82 ppm (m,
~GHoCHRCL 1H) 3.28 pprn {4, -CHLOH, 2H), 3.66 ppm (m, -CHTLL 2H), 4.50 pom (&, -OH, 1H).

4-Chioro-Z-mathylbutyraldehyds

{0330] Pyridinium chiorochromate (23.6 g, 0.110 g) was added graduaily o a stirred solution of 4-chloro-2-methylb-
utanol -1 (B8.80 g, €.078 moles) in anhydrous dichioromethane (470 mi). The mixture was stirred overnight at room
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iemperature under an argon atmosphere. Dry ether (820 mi) was added; the mixiure was stirred for 20 minutes, and
than was filtered to remove excass of oxidizing agent. The sclution was then filtered through a column filled with 400
g of Florisii, and the solvents were distilled off under reduced pressure. Yield 6.0 g.

NMR (dg-DMEQ0): 1.06 ppm (d, -CHj, 3H)}, 1.74 ppm {m, -CH,CHLCL 1H), 2,14 ppm (my, -0
{rm, -GH, 1H), 3.68 ppr (m, -CHLGHL 2H), 9.80 ppra (8, -CHO, TH).

-CH,Cl, 1H), 2.88 ppm

4-Chioro-2-methvibulyraidehyde diethy acetal

[8331] A mixture of 4-chioro-2-methyibutyraidehyde (4.8 g, 0.040 moles), iriethyl orthoformaie (6.48 g, 0.044 moles),
ethyl alcohol (3.0 g), and p-ivluenssulfonic acid monohydrate (31.0144 g, §.000757 moles) was stirred at 48 °C overmight
under an argon atmosphere. Next, after cooling to room temperature, Na;C04 (0.40 g) was added and the mixture
was stirred for 15 min. The reaction mixture was fillerad and ethyl alcohol and residual triethyl orthoformate ware
distilled off under reduced pressure. The residue was subjected to fractional vacuum distillation giving 3.2 g of pure
4-chioro-2-mathylbutyraldehvde diethyl acetal.
NMR {dg-DMSO}: 6.85 ppm (d, -CHg, 3H} 1.13 ppm {m, -CHj, 8H), 1.52 ppra {m, -CH-, 1H}, 1.87 ppm {m, -CH,CH,CH
2H}, 3.35 - 3.75 ppm (bm, -OCH,CHj, 4H, and -CH,CI, 2H}, 4.22 ppm (d, -CH acetal, 1H). B

B. mPEG (2K Da)-2-Methylbutyraldehyde, diethyl acetal

{8332] A solution of mPEG (2K Da)} (2.0g, 0.001 moles) in toluene (30 ml) was azectropically dried by distiliing off
toluene under reducad pressure, Tha dried mPEG 2K was dissolved in anhydrous toluene (15 mi) and 1.0 M solution
of potassium teri-butoxide in tert -butanot (4.0 mi, 0.004 moles) and 4-chioro-2-methylbutyraldehyde disthyl acetal
from A above {0.5 g, 0.00277 moles) were added. Next, lithium bromide (0.05 g) was added and the mixture was stirrad
at 100 °C overnight under an argon atmosphere. After cooling to room temperature, the mixture was filtered and added
to 150 mi ethyl ether at §-5°C. The precipitated product was filtered off and dried under reduced pressure. Yield: 1.5 g.
NMR (ds-DME0}: 0.83 ppmi {d, -CHj3, 3H)Y 1.10 ppm (m, -CH30, 8H), 1.24 ppra (m, -CH-, 1H), 1.72 ppm {m, PEG-0O-CH,-

Substitution: ~100%.

C. mPEG (2K Da)-2-Mathylbutyraldehyds

{03331 A mixiure containing mPEG (2K Da)-2-methylbulyraidehyde, diethyl acetal from B above (1.0 ¢}, deionized
water (20 mil), and 5% phosphoric acid o adjust the pH {o 3.0 was slirred for 3 hours al room temperature, Next, sodiurm
chioride (1.0 g} was added and the pH was adjusted to 6.8 with 0.1 M sodium hydroxide. The product was exiracted
with dichloromethane {3 x 20 mi). The extract was dried with anhvdrous magnesium sulfale and the solveni was distilled
off under raduced pressure. Yield: 0.83 g.

NMR {dg-DMSO) 1.01 ppm (d, -CHy, 3H) 1.58 ppm {m, -CH, 1H}, 1.90 ppm {m, PEG-0-CH,-CHy-, 1H), 2.45 ppm {m,

Substitution: ':-{50%,
{8334] The following clauses highlight certain preferred features of the invention:

Clause 1. A water-soluble polymer having the struciure:

POLY X E

ey 0
[
I
X

wherein:

PQOLY is a water-soluble polymer segment;
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X' is a linker moiety;

Z' is an integer from 1 to about 21;
R, in each coourrence, is indepandently M or an organic radical selected from the group consisting of atkyl, sub-
stituted atkyl, alkenyl, substituled alkenyt, alikynyl, substituted alkiynyl, anyt, and substituted aryf;

R2, in sach occurrence, is independenily H or an arganic radical selected from the group consisting of alkyl, sub-
atituted alkyl, alkenvyl, substituted alkenyi, alkynyl, substituted alkynyl, aryl, and substituted aryl,
and further wharain the following apply:

= when PQOLY is linear:

{a) the folad number of carbonyls present in said golvmer is § or 2 or greater axcepl when X' comprises
one or more contiguous {(-CH,CHLO-) segmenits,

{b} and further wherein X' is oxygen or comprises at least one {(-CH,CH,0-) segment and 2’ is from 2 to
12, then aileast one of R1 or R?2 in at least one gocurrense is an organic radical as defined above or said
polymer is heterobifunctional, where POLY comiprises a reactive group at one terminus that is not hydroxy,
and

= when POLY is branched:

{¢) either (i) at ivast one of R or R2 in at least one coourrenca is an organic radical as defined above or
(i) X' includes -{CH,CH, O} - where b is from 1 to about 20 in the instance where POLY comprises a lysine
residue,

{d} and further wherein said POLY has 2 polymar arms, then neither polymer arm comprises oxygan as
the only hetercaiom in the instance where POLY comprises "C-H" as a branch point.

Clause 2: The polymer of clause 1, wherein &' ranges from 2 {o 21,

4
{

Clause 3: The polymer of dause 1, wharain 2 ranges from 3 {o 12,

Clausa 4: The polymer of clause 1, having the structure:

wharain POLY, X, sach R, each R? and R3 are as previously defined.
Clause 5: The polymer of clause 4, wherein the RY aftashed o Gy is alkyl, and 8l other RY and R2 variables are H.

Clause 6: The polymer of diause 5, wherein the R' attached to Cy is lower alkyl,

Clause 7: The polymer of clause 8, whersin the R! attached io C; is selected from the group consisting of methyl,
ethyl and progyl.

Clause 8: Tha polymer of clause 4, wherein the R! altached to Cyis alkyl, and all other R and R2 variables are H.

Clause 8: The polymer of clause 8, wherein the R attached to C; is lower alityl,
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Clause 10: The polymer of clause 4, wherein the RY attached to C, is alkyl, and ail other R1and R2 variables are H.
Clause 11: The polymer of clause 10, wherein the R atiached to C, is lower alkyl,

Clause 12: The polymer of clause 1, having the siructure;

R r* R' R' O
Cor L
POLY Kt ?‘s‘“ (534““‘““'(5'3“‘““‘“?2“““““‘31”“”
Rz R?' RZ R2
i-B
wherein POLY, X', and each R and each R? are as previousiy defined.
Clause 13: The polymer of ciause 12, wherein the R attached to Cois allyl, and alf other R! and R? variables ara H.

Clause 14: The polymer of clause 12, wherain either the RT attached to C; or Cy s alkyl, and all other R" and R?
variakbles are H.

Clause 15: The polymer of clause 1, having the siructure;

%

R R' g R R' Q@
; i ! ! E | i
PO e Y bommrwor L e Cogomnms (g mmms Qg monen Gy oo e

N M

wherain POLY, X, and sach R? and each R? are as previously defined.
Clause 16: The polymer of clause 15, wherein the R’ attached to C, is alkyl, and all other R and R2 variables are H.

Clause 17: The polymer of clause 15, whersin one of the R variables attached to Cy or C4 or Ty is alkyl, and ail
other R1 and R2 variables are H.

Clause 18:. The polymer of clause 1, wherein X' comprises a moiety corresponding to the structure:
H{CHy ) -D-{CH, )
or
{CH, )M -C{OKH{CHy ) -

whereain:

cis zero to 8,
Dis O, NH, or S,
2is 0, 1

fis zero 1o 8,

51



20

285

30

40

55

EF 1 581 467 A1

]

vis zero o §,

Mis -NH, O

Kis NH, O

g is from zero 10 §, and

r and s are pach independently 0, 1

K
3]

7]

Clause 19: The polymer of clause 1, wharein X' includes a moiety corresponding lo the structure -(CH,CHO),-
or -{CH,CHoNH) -, and b and g are each independantly 1 to 20.

Clause 20: The polymer of clause 19, wherein b and g are gach independently 1 to 10,
Clause 21: The polymer of clause 20, wherein b and g are each independently 110 6.

Clause 22: The polymer of clause 18, wharain X' comprisas a8 maiety corresponding to the structure:

H{CH,) D -(CH, )P

[+

or

{CHy) M -COFK(CHy )~ T~

A e

wherein:
P and T are each independenily -{CH,CH,O),- or {(CH,CH,NH),,
b and g are each indepandently 1 1o 20,

and the remaining variables are as defined in clause 18,

Clause 23 The polymer of dlause 1, wherein said X' comprises -C{OWNH-{CH,}, (NH-C{O} or -NHC{O)
NH-{CHs}4 gNH-C{C)-.

Clause 24: The polymer of clause 1, wherein POLY is selected from the group consisting of poly(alkylens oxide},
poty{viny pyrrolidone), polv{vinyl alcchol), polvoxazoline, poly{acryloyimorpholina), and polv{oxyethyialed polyal).

Clause 25: The polymer of clause 1, wherein POLY is a poly{alkylens oxide).
Clausea 28: The polymer of clause 28, wherein POLY is a poly({ethvlene gliveol).

Clause 27: The polymer of clause 28, wherein the poly{ethylene glycol) is terminally capped with an end-capping
molety.

Clausa 28: The polyrmar of clause 27, wherein the end-capping roiely is independently selacted from the group
consisting atkoxy, subsiitutad alkoxy, alkenyloxy, substituted alkenyioxy, alkynyloxy, substituted alkynyioxy, arvioxy,
asubstituted aryloxy.

Clausea 29: The polymer of clause 28, wharain the and-capping miolety is selected from the group consisting of
meathoxy, ethoxy, and banzyioxy.

Clause 30: The polymer of clause 28, wherein the poly{ethylene glycol) has a nominal average molacular mass
of from about 100 daltons to about 100,000 dalions.

Clause 31: The polvmer of clause 26, wherein the poly{ethylene glyeol) has a nomi
of from about 1,000 dailtens to about 50,000 daltens.

=

a

average molecular mass

Clause 32: The polymer of clause 26, wherein the poly{ethylene giycol) has a nominal average molecular mass
of from about 2,000 dailtons to about 30,000 dailtons.
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Clause 33 The polymer of clause 1, comprising the struciure:

o | &/ R'\ ©
i | | il
H—0 T e O A e e e T T X
| LaJ
R RZ|
F4 Z

i

wharain POLY, each X, sach {z), and each R! and sach B2 are as previously definad.
Clause 34: The polymer of clause 33, wherein sald POLY is linear and the polymer is homobiiunctional.

Clause 35: The polymer of clause 28, wherein said poly(ethylene glycol) has a structure selected from the group
consisting of linear, branched and forked.

Clause 36: The polymer of clause 26, wherein said poly{ethvlena glyeol) comprises the structura:

Z-(CH,CH,0), -

Z-(CH,CH, G}, -CH, CH,,-,

whara n is from about 10 to about 4000, and Z comprises a moiety selected from the group consisting of
hydroxy, aming, ester, carbonate, aldehyde, alkenyd, acrviate, methacryvlate, acrvlamide, sulfone, thicl, carboxylic
acid, isocyanate, isothiocyanate, hydrazide, maleimide, vinylsulfone, dithiopyridine, vinylpyriding, iodoacetamids,
alkoxy, benzvioxy, silane, lipid, phospholipid, biotin, and flucrescein,

Clause 37: The polymer of clause 1, having a structure selected from the group consisting of:

e i
PEG"“(Q Hz)aMC“NH - (QHECHze)b

1E-A
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Tl 9
. 1]
PEG=—{CH g C~NH — (CHyCHaNH)g — | G C—H
L
R ’
IV-A
1
o R'l ©
i | i
PEG~{CHy)a~ HN—C-NH —(CHCHO), G
1
z' ,
¢
and
o

- fi
PEG—{CHyly~ M= C~NH —{CH;CHNH)y

w.C

wherein PEG is poly{ethylens glycol), b and g are each independentiy 010 20, 3 is ¢ {0 8, and the remaining
variables are as defined in olause 1.

Clause 38: The polymer of clause 37, having the structura:

|

it

PEG ~C~NH —{(CHCH,O) (Et e
R

HiI-B

or
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R O
i | i
PEG = C-NH = (CHyCH NH)g— G C—H
|
RE
Z,

Iv-B

wharein the variables are as defined as in clause 37.

Clause 38: The polymer of clause 37, wherein PEG has a structure selected from the group consisting of linear,
vranched, and forked.

Clause 40: The polymer of clause 37, wharain b and g each independently are from 1-8.
Clause 41: The polymer of clause 37, wherein b and g each independently are from 1 to 8.
Clause 42: The polymer of clause 37, wherein z' is from 2 to 8.

Clause 43:; The polymer of clause 37, wherein 2’ ig 3.

Clause 44: The polymer of clause 37, wherein ais O or 1.

Clause 45: The polymer of clause 37, having the structure:

7 Pl
i
PEG = C~MNH ““'(CH;CHQQ};; o ?4""‘"""""’?3 (E:g C-g""‘"’"H
H

H H

HE-D

Clause 48: The polymer of clause 45, wherein "PEG" is a poly{ethylena glveol) having a structure corresponding to:

ZACH,CH,0) -,

ar
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O
i
Z{CHACH0),-C — NH
(CHz)y
o |
i}

Z-{CHICHOY-C o NH~——CH ~—

Y

wharain 0 in 2ach ocourrence is independently from about 10 to about 4305, and Z comprises a8 moiety
selected from the group consisting of hydroxy, ester, carbonate, aldehvde, alkenyl, acrylate, methacrylate, acry-
lamide, sulfona, thiol, carboxgylic acid, isocyanate, isothiocyanate, maleimide, vinyisulfons, dithiopyridine, vinylgy-
riding, iodoacetamide, alkoxy, benzyloxy, silane, phospholipid, biotin, and fluorescein.

Clause 47. The polymer of clause 48, wherein Z is atkoxy, and n in gach occourrence is the same and ranges from
about 100 -800.

Clause 48: The polymer of clause 1, having the structure:
|
. i
PEG (CHz)amC"NH —{CHzCHOY, (33 C—H
R

Vi-A

or

O
| | R
PEG {CHzlg ~NH-C~NH —{CH,0H,0), +G 4G ~H

2 /
VI-B |

wherein:
PEG is poly{ethviene glveol),
ois () to 243,
sis G0 6,
dis1,20r3,

and the rermaining variables are as defined in clause 1,

Clause 49 The polymer of clause 48, wherein PEG is linear or branched.
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Clause 50: Tha poltymer of clause 48, wherein R! and R2 in gach ocourrence are H.
Clause 51: The polymer of clause 48, wherein 2’ ranges from 3 io 12.

Clause 52: The polymer of clause 48, wherain 2’ is 3.

Clause 53: The polymar of dlause 48, wherein d is 2 and PEQG corresponds o the structure:

o
T
ZACHACH,0)C —NCH ™
T

wherein riis from about 10 to about 4000, Z comprises amoiety seleciad from the group consisting of hydroxy,
ester, carbonate, aldehyde, alkenyl, acrylate, methacrylaie, acrnyamide, sulfone, thiol, carboxylic acid, iscoyanats,
isothiceyanate, malsimide, hydrazids, vinyisulfone, dithiopyridine, vinvipyridine, iodoacatamide, alkoxy, benzyloxy,
sifane, lipid, phosghalipid, bictin, and fiucrescein, and the ramaining variables are as defined in clause 48.

Clause 54: The polymer of clause 53, wherein £ is alkoxy or benzyioxy, n ranges from about 200 {o about 1500,
and b is from 1 o &.

Clause 55:; A composition comprising a water-soluble polymer having the structure:

POLY X—1C (e

Vi

wharain:
POLY is a water-soluble polymer segment;
X is a linker moiety, and

z'is an integer from 1 to about 21,

and said composiiion is absent delectable amounts of iodine-containing spesies or retro-Michael type reac-
tion products.

Clause 56: A composition comprising a water-soluble polymer having the structure:

H O
POLY X (E) Ef‘ﬁm"H
Ji
Vi

wherein:
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POLY is a linear, terminally end-capped water-scluble polymer segment;
X' is a linker moisty,
' is an integer from 1 {0 about 21,
and said compaosition is absent detectable amounts of dialdehyde polymer derivative.
Clause 57: The composition of clause 55 or 56, wherain 2' ranges from 2 o 21.

Clause 58: The composition of clausa 85 ar 56, wherein z' ranges from 3 to 12.

Clause 59: The composition of clause 58 or 86, whersin 2' ranges from 3t 8

Clause 60: The composition of clause 55 or 56, wherein POLY is selected from the group consistin
{alkyiene oxide)}, poly(vinyl pyrrolidone}, poly{vinyl alcohol), polyoxazoling, pol ygac*yloyimarphcs-me,,anc poly{ox-

yethylated polyot).

Clause 81: The composition of clause 55, wherein POLY is a poly(atkyleng oxide).
Clause 62 The composition of clause 81, wherein POLY is a poly(ethvlene glycol).
Clause 83: The composition of clause 58, wherein POLY is a poly(alkylens oxida).

Clause 64; The compaosition of clausa 83, wharain POLY is a poly{ethviena glycol).

Clausea 65: The composition of clause 58, wherein said polymer comprises the structure:

H H  OH 0
E | | i
POLY oo X o (E:‘;wcgmczmcimﬁ

H H H
Vii-4

Clause 86: The compaosition of clausa 65, wherein POLY s a poly{ethviena glycol).

Clause 67: The composition of clause 56, wherein said polymer comprises the siructure:

H H  H 0
! | § i
POLY X ? (i) (E? C—H
H H H
Clause 88: The composition of clause 67, wherein POLY is a poly{ethviene glvcol).

Clause 69 The cornposition of clause 85, wherain X' comprises a moiely corresponding to the str

(CH Jo-De{CHy )

or

58

ucture:

g of 3 poly



20

285

40

55

EF 1 581 467 A1

{CHy) M- CIO)K-{CH, ) -

wharain:

cis zeroto 8,
Dis G, NH, o
eis 0,1

fis zero {0 8,
nis zaro to 8,

M i*- H, O
Kis NH, O
gi sfrom zaro to §, and

r and s are fach independently 0, 1.
Clausa 70: The composition of dlause 65, wherein X' is hydrolvtically stable,

Clause 71: The compaosition of clause 65, wherein POLY corresponds to the structurs:

X'is G,

n is from about 10 to about 400C, and

Z comprises a moiety seleclad from the group consisting of hydroxy, ester, carbonata, aldehydea, alkanyl,
acrylate, methacrylate, acrvlamide, sulfone, thiol, carboxvlic acid, isocyanate, iscthiccyanate, maleimide, vi-
nivlsubfona, dithiopyridine, vinvipyridine, iodoasetamide, alkoxy, benzyioxy, silane, phospholipid, biolin, and
fluorescein,

Clause 72: The composition of clause 71, wherein Zis C 1 to C20 alkoxy or benzyioxy.

Clause 73: The composition of dlause 71, wherein said polymer comprises tha slructure:

o H H H H H H O
T U oL
Hee O ? ? ?m0m<CH2CHzo)n~CHECH2m 0~ ? (E: aé CH
Ho OH O H HOOHH

Vil§

where n is as defined in clause 71,
Clause 74: The composition of clause 72, wherein 7 is methoxy.

Clause 75: The composition of clause 88, wherein said poly{ethvlene glycol) has a siructure selected from the
group consisting of linear, branched and forked.

Clause 78: The composition of clause 66, wherein X' includes an oligomeric rmoiety corresponding to the structure
H{CHYOH Oy or {CHCH NH) -, and b and g are each independently 1 to 20.

Clause 77: The compaosition of clause 78, wherein b and g are aach indspendently 1 to 10.
Clause 78: The composition of clause 20, wherein b and g are each independentiy 1 to 8.

Clause 79: The composition of clause 78, wherein said oligomeric moiety is covalently attached to the C4 meth-

59



20

285

30

40

55

EP 1 531 467 A1
viene.
Clause 80: The composition of clause 79, wherein said X' further comprises an amide or a urethane.
Clause 81: The composition of slause 80, wherein X' comprises a moiety selected from the group consisting of -G
(OINH-{CH,CHyO)-, -OC(OINH-{CH,CH, 0}, ~C(O)NH—(CHQCH2NH)Q-, -OC(O)NH-(CHQCHQNH)Q—, and b and
g are as defined in clause 76 above.
Clause 82: A hydrate or acatal form of the water-soluble polymer of clause 1.
Clause 83: A hydrate or acetal form of the water-soluble polymer of clause 55.
Clause 84: The acetal of clause 82, wherein said acetal is selected from the group consisting of dimethyl acetal,
diethyvi acetal, di-isopropyl acetal, dibenzyl acstal, 2,2,2-richioreethyl acetal, bis{Z2-nitrobanzyi) acetal, 8,8 -dima-
thyl acetal, and S,S'-disthy! acetal.

Clause 85: A water soluble polymer of clause 1, protected as a dioxolane.

Clause 86 A palymer comprising the struciure:

R‘i \VERS

POLY e X c Cr—woR4

wharein:

POLY is a water-scluble polymer sagment;

X'is alinker motety

Z'is an integer from 1 to about 21;

R', in sach oceurrenae, is indagandently H or an organic radical seleciad from the group consisting of alkyl,
substituted alkyl, atkenyl, substituted alkenyi, alkynyi, substituted alkynyl, aryl, and substituted aryi;

FZ, in each cooumrencs, is independently H or an organis radical selected from the group consisting of alkyl,
substifuted alkyl, alkenyl, substituted alkeny!, aikynyl, substituted alikynyl, aryl, and substituted aryi,

Wa and WP are each independently O or 8, and

R3 and R* are each independently H, or an organic radical selectad from the group consisting of methyl, ethyl,
isnpropyl, benzyl, 1,1, 1-trichoroethyi, and nitrobenzyl, or when taken together, are -(CHyjp- or (CHy )5-, Torming
a 5 or § rembered ring when considered together with We, Gy, and Wb,

Clause 87 Tha polymer of clause 83, wharain the following apply:
= when POLY is linear

{2} then the total number of carbonyls present in said polymeris 0 or 2 or greater except when X' comprises
one or more contiguous -CH,CHLO-) segments,

{b} and further wherein X' is oxygen or comprises at least one (-CH,;CH,0-) segment and ' is from 2 to
12, then al least one of RT or RZin al least one oocurrance is an organic radical as defined atove or said
polymer is heterobifunctional, where POLY comprises a reactive group at one terminus that is not hivdroxy,
and

- when POLY is branched:,
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{¢) then either at least one of R or B2 in at least one cocurrance is an organic radical as defined above
or X' includes -(CHCH; O~ where b is from 1 {0 about 20,

and further in the instance where POLY comprises a lysine residue,

{d} and has 2 polymer arms, then neither polymer anm comprises oxvgen as the only hetercatom in the
instance where POLY comprises "C-H" as a branch point.

Clausa 88: A waler-soluble polymer having the structura:

H
| .

POLY = X' (!, Cr—whr?
M

Wherein:

POLY is a water-soluble polymer sagment;

X'is a linker moiaty,

z'is an inleger from 1 to about 21,

Wa and Wb are each independently O or S, and

R3 and R* are each independently H, or an organic radical selected from the group consisting of methyl, ethyl,
isopropyl, benzyl, 1,1, 1-trichoroethyi, and nitrobenzyl, or whern taken together, are -(CH, k- or {(CH, )s-, forming
a 5 or 8 membered ring when considered fogether with W&, C, and wib,

Clause 89 The polymer of clause 88, wherein said polymer is absent detectable amounts of iodine-containing
specias or retro-Michael-type reaction produsts.

Clause 80: A conjugate formed by reaction of a biologically active agent with the polymer of clause 1.
Clause 81: A conjugate formed by reaction of a biclogically active agent with the composition of clause 58.
Clause 92: A conjugate formed by reaction of a biologically active agent with the composition of clausa 56.

Clause 93. A conjugate comprising the following structure:

R'IH
i
POLY —ne Xt i - NH-biologically active agent
§
! ,
r2 B
S A
X

wherein:

POLY is a water-soluble polymer segment;

X' ig a linker maisty;

Z'is an integer from 1 to about 21;

R in each coourrence, is independently H or an organic radical selected from the group consisting of alkyt,
substifuted alkyl, alkenyl, substituted alkenyl, atkynyi, substituted alkyn, aryl, and subsiituled ary;
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R2, in sach ocourrence, is indapandently H or an organic radical selecied from the group consisting of alkyl,
substituted alkyl, atkenyl, substituted alkeny!, alkynyi, substituted alkynyl, aryl, and substituted aryi,
~"NH-biclogically active agent” repragents a biologically active agent comprising an amino group,

and further wharain the following apply:

= when PQLY is linearn:
{2} the total number of carbonyls present in said polymer is 0 or 2 or greater axcapt when X' comprises
one or more contiguous -CH,CHLO-) segments,
{b} and X' is oxygen or comprises at least one (-CH,CH,0-) segmentand ' is from 2 1o 12, then at least
ane of R1 or R2 in at leas! one ocourrence is an organic radical as defined above or said polymer is
heterobifunctional where POLY comprises a reactive group at one terminus that is not hydroxy, and

- when POLY is branched:
{o) then sither at least one of R or R2 in at ieast one occurrence is an organic radical as defined above
or X includes -(CH,CHLO),- where b is from 1 {o about 20,

and further in the instance where POLY comprises a lysine residue,

{d} and has 2 polymar arms, then neither polymer arm comprises oxygen as the only hatercatom in tha
instance where POLY comprises "C-H" as a branch point.

Clause 84: A hvdroge! formead using the water soluble polymer of clause 1,

Clause 85; A hydrogel formed using the composition of clause 55,

Clause 96: A protected aldehyde comprising a structure selactad from the group consisting of

R? !
. H
XE-A
R1 ?,raRS
|
G {CHCHLNH) (E:? Cr—WPR?
RZE 3
i o H
Xi-B
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R’ﬂ \';,raRS
|
G {CHYCHA O Yyt O Cr—wobgrd
2 i
Rl H

wherein :

z'is an inleger from 1 to about 21;

R1, in sach ccourrence, is independently H or an organic radical selecied from the group consisting of alkyl,
substituted alkyl, atkenyl, substituted alkeny!, alkynyi, substituted alkynyl, aryl, and substituted aryi;

RZ, in each coourrencs, is independently H or an organic radical setected from the group consisting of alky,
substituted alkyl, alkenyl, substituted alkenyl, allkkynyl, substituted alkkynyl, aryl, and substituted aryl,

Wa and WP are each independently D or 8, an

F3 and R* are each independently H, or an organic radical selected from the group consisting of methyl, ethyl,
isopropyl, benzyl, 1,1,1-trichoroathyi, and nitrobenzyl, or when taken together, are -(CHylo- or «{(CHy )5, forming
a 5 or 6 membered ring when considered together with We, C,, and Wb,

b and g are each independently 110 20, and

G is a functional group.

Clause 87: The protected aidehvyde of clause 98, wherein G is & {eaving group.

Clause 98 The protecied aldehyde of clause 97, wherein G is selected from the group consisting of Ci, Br, para-
tolyisulfonate ester, methvisuifonyl ester, trifluorosuifonyiester, and trifluoroethylsulfonyl ester.

Clause 99: The protected aldehyde of clause 96, whersin G is a functional group selected from the group consisting
of -OH, -NH,, -SH, and protested forms thereol

Clausa 100: The protected aldehyda of clause 86, wharain z' is ranges from 2 to 12.

Clause 1G1 The protected aldehyde of clause 98, whersin R in any one position selected from the group consisting
of Cy {u}, Cs (B), and C,4 (), is afkyl, and all other RY and RZ variables are H.

Clausa 102 The prolecied aldehvde of clause 396, wharain b and g are each indegendently 1 10 8,
Clause 103: The protected aldehvde of clause 98, wherein b and g are sach independently 1 o 8.

Clause 104: The protected aldehyde of clause 88, wharain b and g each equal 4.

Clause 105 A method of forming a water-soiuble poltymer alkanal, optionally in protected form, said method com-
prising the steps of

reacting a watsr scluble polymer corprising al least one reactive group, Y, with a protected alkanal reagent
somprising from about 2 to 20 carbon aloms and a reactive group, K, suitable for displacement by or allerma-

tively, reaction with Y, under conditions affective to form a water soluble polymer alkanal in protected form.

Clause 106: The method of clause 108, wherein said reacting step is carried out in an grganic solvent.

Clause 107 The method of clause 106, wherein said organic solvent is selected from the group consisting of
toluene, chioroform, methyviene chioride, acelonitrile, acetone, dioxane, mathancl, and sthanol,

Clause 108: The method of clause 105, wherein said reacting is carried out under an inert atmosphare,
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Clause 109: The method of clause 105, wherein said reacting is carried out at temperatures ranging from about
20°C to about 150°C.

Clause 110: The method of clause 105, further comprising hydrolyzing said water soluble polymer alkanal in pro-
tected form under acidic conditions to theraby form the comesponding water soluble polyrmer atkanal.

Clause 111: The method of olause 110, wherein said hydrolyzing is carriad out in aguaous solvent.

Clause 112: The method of clause 111, whersin said alkanal reagent comprises 4 or more carbon atoms.
Clausa 113: The method of clause 112, wherein said hydrolyzing is carried gut at a pH of no lower than about 3
Clause 114: The method of clause 105, wherein said alkanal reagent is protected as an acetal.

Clause 115: The method of clause 114, wherein said acetal is selected from the group consisting of dimethyl acetal,

diathyl acetal, di-isopropyl acetal, dibenzyl acelal, 2,2, 2-trichioroethyl acelal, bis{Z-nitrobenzyl) acetal, 3,8 -dime-
thyi acetal, and 3,8-disthyt acelal, cydlic acatals and cyalic thicacelials.

Clause 118: The rathod of clause 105, whersin said water soluble polymer comprises the struciure, POLY-Y, and
said protected aikanal reagent comprises the structure,

&t \?fa}.{?
|
K (E:- Cr—whpt
]
R? JH
Z 3
XD

Wherein:

z'is an integer from 1 to about 21;

R’, in each occurrence, is independently H or an organic radical selected from the group consisting of alkyl,
substituted alkyl, alkenyl, substituted alkenyi, alkynyi, substituted alkynyl, aryl, and substituted aryi;

R2, in each coourrence, is independently H or an organic radical selected from the group consisting of alkyl,
substifuted alkyl, alkenyl, substituted alkenyl, atkynyi, substituted alkyn, aryl, and subsiituled aryi,

Wa and WL are each independently O or 8, and

R3 and R4 are aach independenily H or an organic radical selested from the group consisting of methy, ethyl,
isopropyl, benzyl, 1,1, 1-trichoroethyl, and nitrobenzyl, or when taken togsther, are -(CH,jo- or {(CHy )o -, Torming
a 5 or § mambered ring when considered together with Wa, G, and Wb,

Clause 117: The method of dlause 118, wharain POLY is selected from the group consisting of a poiy{alkyiene
oxide), poly{vinyl pyrrofidons), poly{vinyt alcohol), polvoxazaiine, poly{acryloyimorpholine), and poly{oxysthyiaied
palyol).

Clause 118: The method of clause 117, wherein POLY is a poly{ethyiene glycol).

Clause 119: The method of clause 118, whersin the poly{ethylens giveol} is terminaily capped with an end-capping
moiety.
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Clause 120: The method of clause 119, wherein the end-capping rmoiely is selected from the group consisting
alkoxy, substituted alkoxy, alkenyioxy, substituted alkenyloxy, alkynyloxy, substituted alkynyloxy, arvloxy, substi-

tuted aryioxy.

Clause 121: The method of clause 120, wherein the end-capping moiely is selected from the group consisling of
methoxy, ethoxy, and benzyioxy.

Clause 122, The method of clause 119, wherein:

POLY-Y cormprises the structure Z-{CH,CH,O) H, wherein ni is from about 10 to about 4000, and Z s selecied
from the group consisting of -OCH,, - OCH,CH,, -OCH,(CaHg),

and K is selected from the group consisting of:

0
7N i i i
Cl, Br, CHg—A %?“" ,CHsmﬁm CF;;"‘“‘"%""" ) c:ffsc:s-igm%-—m
=0 O o O

wherain:

R and R? are each independently H or lower atkyl, and
W2 and WP are aach O,

Clause 123: The methaod of clause 122, wherein z' ranges from 4 {o about 12.
Clause 124: The method of clause 122, wherein z' ranges front 4 to about 8.
Clause 125; The method of clause 122, wherein R and R? are both H in each occurrence.

Clause 126: The method of clause 122, wherein said a water soluble polymer alkanal in protected form is formed
in greater than about 85% yieid.

Clause 127: Tha method of clause 128, wharein said water solubla palymer alkanal in protectad form is formed in
graater than about 95% vield.
Clausa 128: The mathod of clauge 1
tected form under acidic conditions t
mixture.

22, further comprising hydrolyzing said waler solubie polymer alkanal in pro-
o thereby form the corresponding water soluble polymer alkanal in a reaction
Clause 129: The method of clause 128, wherein said hydrolyzing is carried out in aguscus solvent.

Clause 130: The method of clause 126, further comprising the step of isolating said alkanal from the reaction
mibxlure.

Clause 131 The method of clause 134, wherein said isclating cornprises:
raising the pH of the reaction mixiura to from about 8.0 t0 7.5,
extracting the alkanal into an organic solvent, and

removing the solvent.

Clause 132: The method of clause 131, wherein said isolated alkanal is absent detectable amounts of
Z-A{CH,CHLO) H and retro-Michaal type reastion products.

Clausa 133: The method of clause 132, wherein said isolated atkanal has a purity of at least about 85%, based
upon polymeric contaminants.
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Clause 134: The method of clause 118, wherein:
GLY-Y comprises the structure HO-{CH,CH,O),H, wherein nis from about 15 to about 4000,

and K is selected from the group sonsisting of:

O O O
- 7N H i . i ]
Ci, Br, CHj ﬁ“‘“‘ ,QH3--§~—~ aor-amﬁw CF3CH2~W§W
= < O O

wharein:

R' and R? are each independently H or lower alkyl, and
W2 and WP are gach O, o form an alkanal in prolected form having the structure:

oRS | R 5?1 ?R3
| |
R“Omg G | O~ ({CH,CHLOly (i: g-——woﬁ‘*
R? R?
29 ZP
X1t

Clause 135:; The method of clause 118, wherein:

POLY-Y comprises the sirusture Z-(CH,CH,0), H, wharsin nis from about 10 {0 about 4008, and Zis prolected

nydroxyi,

and K is selected from the group consisting of:

Q O Q C}
7N i i i i i
Ci, BT, CH;; gw . CH_';"""‘“%W {:FSME'M CFQCHQ""‘“%“‘“
T O 4

wherain:

R' and B2 are each independently H or lower alkyl, and
W and WP are sach O,

Clause 138: The methaod of clause 135, further comprising after said reacting step,
deproiecting said protected hydroxyl to form
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L
HO = {CHoCHO)y—1 © gwoR“

L

z' ,

Xi-E

and

converting said terminal ~-OH on the poly{ethylene glycol) to a functional group other than hydroxyl.
Clause 137: The method of clause 136, wherein said functional group is selected from the group consisting of
aming, asiar, carbonate, aldehyde, alkenyl, acrvlate, methacndate, acrvlamide, sulfone, thiol, sarboxyiic acid, iso-

cvanate, isothiocyanate, maleimide, vinylsulfone, dithiopyridine, vinylpyridine, iodoacetamide, and silane.

Clause 138: The method of clause 137, wherein said functional group is selecied from the group consisting of N-
hydroxysuccinimidyl ester, benzotriazolyl carbonate, amine, protected amine, vinyisuifone, and maleimidea.

Clause 139: The method of clause 136, further comprising the step of nydrolyzing said water soluble polymer
alkanal in protecied form under acidic conditions {o thereby form the corresponding water soluble polymer alkanal.

Clausa 140: The method of clause 118, wherein Y in said POLY-Y is an ionizable group or is 3 derivative of an
ionizable group.

Clause 141: The method of clause 140, wherein Y is selected from the group consisting of carboxyiic adid, aclive
gsier,and amine.

Clause 142: The method of clause 141, wherein said POLY-Y has been chromatographically purified prior to use
in said reacling step.

Clausa 143: The method of clause 142, wherein said POLY-Y has been purified by ion exchangs chromatograghy.

Clause 144: The method of clause 142, wherein said POLY-Y for use in said reacting step is essentially absent
delectable amounts of polymeric impuritiag,

Clause 145: The method of clauss 142, wherein sald POLY-Y for use in said reacting step is end-capped, and is
essentially absent detectable amounts of PEG-diot or difunctional PEG impurities.

Clause 148 The method of clause 142, wherein said poly{ethyiene giveol) has a sirusture selected from the group
consisting of linear, branched, and forkad.

Clause 147: The method of clause 142, wherein said alkanal reagent comprises the structure;

R’i Wﬁ}{?
| .
Korm (CHyCHNH) g e GRS
R2 g
» H or

XI-F
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¢ WR?
i
Ko {CHCHR Oy c Cr—whR4
2 |
Rl &

Xi-G

wherein g and b each independently range from about 1 to about 20.

Clause 148: The method of dause 147, wherein R1 and R? are each independently H or lower alkyi, and W# and
WP are each O.

Clause 149: The method of clause 147, wherain Kis a moisty comprising a group selected from the group consisting
of carboxylic acid, aclive ester, amineg, aclive carbonate, and iscoyanate.

Clause 150: The method of clause 148, wharain said alkanal reageni comprises the structure:

1 (I}R:
|
Ny~ (CHaGHZO), c Cy—OR*
R? E
, H
XI-H

and the product of said reacting step comprises a structura;

R! ?R3
8 i
PEG — C—NH— (CHCH: O, (l? C—ORr¢
20 1
R g

IX-B

Clause 151: The method of clause 147, further comprising the step of hydrolyzing said water soluble polymer
alkanal in protected form under acidic conditions {o form the corrasponding waler scluble polymer altkanal in greater
than 50% yisid.

Clause 152: The method of clause 151, wherein said hydrolyzing step is effective to form said water soluble polymer
alkanal in greater than about 30% yieid,

Clause 153: The method of clausa 110, further comprising the step of conjugating said water soluble polymer
alkanal with a biclogically active ageni comprising an amino group.
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Clause 154: The method of clause 147, wherein sald reacting slep is carried out al ambient terperatura.

Claims

1.

18,

11,

12.

13.

14,

A compound having the structure:

mPEG-O-C{O}NH
(CHy)4

mPEG-O-C(0)-NH- CH~C{0)-NH-(CHCH, Oy CH,CH, CH, CH,-NF-hGH

wharain hGH rapresents a human growth hormone comprising an N-terminal amino acid; and

wherein each mPEG represents a rmethoxy-polyethylene glycol group having a molecuiar mass between
ahout 18,000 to about 22,000 daltons.
The compound of claim 1, wherein each mPEG has a nominal average molecular mass of about 20,000 dalions.
The compound of claim 2, wherein the compound, exclusive of the h(GH, has a polydispersity of less than about 1.2.

The compound of claim 2, wharein the compound, exclusive of the hGH, has a polydispersity of less than aboul 1.1.

The compound of claim 2, wherein the compound, exclusive of the hGH, has a polydispersity of less than about
1.05.

The compound of any one of claims 1, 2, 3, 4, or §, wherein the hGH is covalently bonded through the secondary
amine o the N-terminal amino acid of the hGH.

The compound of claim 1, 2,3, 4, & or 8, wherein the compound is mono-FPEGylated,

The compound of olaim 7, wherein the hGH is mono-PEGylated primarily at the N-terminal amino acid of hGH.
The compound of any one of claims 1, 2, 3, 4, 5, 8, 7 or 8, wherein the hGH is recombinant hGH,

The compound of claim 9, wherein the recombinant hGH is produced in E. coli,

The compound of any one of claims 1, 2, 3,4, 5,8, 7, 8, 8 or 10, wherein the compound is a purified compound.
The cormpound of claim 11, wherain the compound is purified by chromatography.

The compound of olaim 12, wherein the corpound is purified by ion exchange column chromatography.

A conjugate formed by reacling a polymer with a human growth hormone (hGH) comprising an N-terminal amino

acid,
wharein the polymer has the structure:
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158,

16.

17.

18,

18.

24.

21,

22.

23.

24.

25.

28.

27.

28,

28.

34.

1.

32.

33.

34.

EP 1 531 467 A1
mPEG-O-C{O)-NH
O
(CHy)q Ei
mPEG-0-C{0)-NH- CH~— C(O}-NH-{CH,CH,0)4-CH,CH,CH,-C-H
and
wherein aach mPEG represents a methoxy-polyethviene glycol group having a molecular mass between
about 18,000 {o about 22,000 daltons;
{Example 13, Example 5 {polymer portion}, Claim 90, page 11, lines 14-18), page 37 - Structure V-B, page
44, fineg 10-12.
The conjugale of claim 14, wherein each mPEG has a nominal avarage molecular mass of about 20,000 daltons.,
The conjugate of claim 14 wharein the polymer has a nominal average molecular mass of about 40,300 daltons.
The conjugate of any one of claims 14, 15 or 16, wherein the polymer has a polydispersity of less than about 1.2,
The conjugate of any one of claims 14, 15 or 16, wherein the polymer has a polydispersity of less than about 1.1.
The conjugate of any one of claims 14, 15 or 18, wherein the polymer has a polydispersity of less than about 1.05.

The conjugate of any one of claims 14, 15, 18, 17, 18 or 19, wherein the conjugale is primarily a mono-PEGyiated
conjugate,

The conjugate of claim 20, wherein the conjugate is mono-PEGylated primarily at the N-terminus of hGH,
The conjugate of any one of claims 14 - 21, wherein the hGH is recombinant hGH.
The conjugate of claim 23, wherein the recombinant hGH is produced in E. coli

The conjugate of any one of claims 14, 15, 16, 17, 18, 18, 20, 21, 22 or 23, wherein the conjugale is formed by
reacting the polymer with the hGH in a reaction mixture under reductive amination conditions.

The conjugate of claim 24, wherein in the reaction mixture the initial molar ratio of the polymer {o the hGH is less
than or equal {0 about 5.

The conjugate of claim 28, wherein the conjugats is separatad from the reaction mixture.

The conjugate of claim 268, wherein the conjugate is chromatographically saparated from the reaction mixturs,
The conjugate of claint 25, wherein the chromatographic separation is by an ion exchange.

A composition comprising the compound of any one of claims 1-13, and a pharmaceutical excipient.

The composition of claim 28, wherein the pharmasceulical excipient is selected from the group consisting of car-
hohydrates, inorganic salts, antimicrobial agants, antioxidants, surfactants, buffers, acids, and bases.

The composition of claim 28 or 30, wherein the compaosition is in liguid form,
The composition of claim 29 or 30, wherein the composition is in solid form.
The composition of claim 32, wherein the solid form is a ivophilized powder

The corpaosition of any ong of claims 28, 30, 31, 32 or 33 in unit dosage form.
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35,

38.

37.

38.

338,

48,

41.

42.

43,

44,

45,

48.

47,

48,

48,

5Q.

51.

EP 1 531 467 A1
The composition of claint 34, wherain the cormpaosition is stored in a unit dose coniainer.
The corpasition of claim 35, wherein the container is a syringe.

Use of the cormpound of any one of clairs 1-13 for the manufaciure of a medicament for the treatment of 8 condition
treatable by adminisiration of hGH.

A composition comprising the conjugaie of any one of claims 14-28, and a pharmaceutical excipient.

The composition of clairm 38, wherein the pharmaceutical excipient is selecled from the group consisting of car-
bohydrates, inorganic salts, antimicrobial agents, antioxidants, surfactants, buffers, acids, and bases.

The composition of claim 38 or 398, wherein the composition is in liquid form.

b

The composition of claim 38 or 39, wherein the composition is in solid form.

The compaositian of dlaim 41, wherein the solid form is a ivophilized powder,

The composition of any one of claims 38, 38, 40, 41 or 42, in unit dosage form.

The cormposition of claim 43, wherein the composition is storad in a unit dose container.

The comgposition of olaim 44, wherain the container is a syringe.

Usa of the conjugate of any one of claims 14-28 for the manufacture of 3 medicament for the treatment of a condition
treatable by administration of hGH.

Use of the conjugate of any one of claims 14-28 for the treatment of 2 condition treatable by administration of hGH.
Usa of tha compound of any one of claims 1-13 for the reatrnent of a condition reatable by adminisiration of hiGH,
A process for preparing the conjugale of any one of claims 14-28 comprising the slep of
reacting the h(GH with the palyrer in a reaction mixture under reductive amination conditions; and
optionally separating the conjugate from the reaction mixtura,

The process of claim 49, wherein the reaction mixture has a pH between about 5 to about 8.

The process of claim 49, wherein the reaction mixture has a pH between about 7 to about 7.5.
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L,

VE/ER) f?i ethylene oxide )
RAWb—O ? T Ko O M R“Wb““"(if
2
R 4,

i (X0, 1~ OMCHCHH03,CHaCH O M*
H

Acelat precursor having an anionic site, where MY is
a metal countenion, and (X'p -0-} indicates a finker terminating
in an akoxide, whers X'y +-C when {akern together 1 il .
in an akoxid i i 2.1 . a q frsay ba ;I;mmy terminate HYHOM
", or the portion X' may comgprise any of the herein descrined i § d

N
linkers or combinations of inkers. opuonally end cap

hydrolyze {0 polymer alkanal

¥

o }- 5?‘
il
H-C ""-"-Cg (}(‘OJ~O)~{CHQCHgO}@HgCHgO‘ Z
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Z=H or end-capping groug
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